a2 United States Patent

Kao et al.

US011238374B2

ao) Patent No.: US 11,238,374 B2
45) Date of Patent: Feb. 1, 2022

(54)

(71)
(72)

(73)

")

@
(22)

(65)

(60)

(1)

(52)

METHOD FOR VERIFYING TRAINING
DATA, TRAINING SYSTEM, AND
COMPUTER READABLE MEDIUM

Applicant: HTC Corporation, Taoyuan (TW)

Inventors: Hao-Cheng Kao, Taoyuan (TW);
Chih-Yang Chen, Taoyuan (TW);
Chun-Hsien Yu, Taoyuan (TW);
Shan-Yi Yu, Taoyuan (TW); Edzer
Lienson Wu, Taoyuan (TW); Che-Han
Chang, Taoyuan (TW)

Assignee: HTC Corporation, Taoyuan (TW)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 292 days.

Appl. No.: 16/548,864
Filed: Aug. 23, 2019

Prior Publication Data
US 2020/0065623 Al Feb. 27, 2020
Related U.S. Application Data

Provisional application No. 62/798,482, filed on Jan.
30, 2019, provisional application No. 62/792,908,

(Continued)
Int. CL.
GO6N 20/00 (2019.01)
GO6K 9/62 (2006.01)
(Continued)
U.S. CL
CPC ... GO6N 20/00 (2019.01); GO6K 9/6215

(2013.01); GO6K 9/6227 (2013.01); GO6K
9/6256 (2013.01); GO6N 5/04 (2013.01);

500

GO6T 7/70 (2017.01); GO6T 1120 (2013.01);
GO6T 11/60 (2013.01); GO6T 2207/20081
(2013.01); GO6T 2210/12 (2013.01)
(58) Field of Classification Search

CPC . GO6N 20/00; GO6N 5/04; GO6T 7/70; GO6T
11/20; GO6T 11/60; GO6T 2207/20081;
GO6T 2210/12; GO6K 9/6215; GO6K
9/6227; GO6K 9/6256

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,974,169 A * 10/1999 Bachelder ................. GO6T 7/12
382/151
6,249,594 B1* 6/2001 Hibbard ............... GO6T 7/0012
382/128

(Continued)

Primary Examiner — Manav Seth
(74) Attorney, Agent, or Firm — JCIPRNET

(57) ABSTRACT

The disclosure provides a method for verifying training data,
a training system, and a computer program produce. The
method includes: receiving a labelled result with a plurality
of'bounding regions, wherein the labelled result corresponds
to an image, the bounding regions are labelled by a plurality
of annotators, the annotators comprises a first annotator and
a second annotator, and the bounding region comprises a
first bounding region labelled by the first annotator and a
second bounding region labelled by the second annotator;
and determining the first bounding region and the second
bounding region respectively corresponds to different two
target objects or corresponds to one target object according
to a similarity between the first bounding region and the
second bounding region.

18 Claims, 23 Drawing Sheets

520-

530

J Size of union  Size of intersection
510b Total Py pixels  Tolal Pi pixels

Similarity Pe / Py



US 11,238,374 B2

(1)

(56)

Related U.S. Application Data

filed on Jan. 16, 2019, provisional application No.
62/722,182, filed on Aug. 24, 2018.

Int. CL.

Go6T 7/70
GO6N 5/04
GO6T 1120
GO6T 11/60

6,263,113

6,597,808
6,832,002
6,859,548
7,646,476
8,416,260
8,494,258
8,645,359

9,117,100
9,117,259
9,256,807
9,275,308
9,275,450
9,442,957
9,449,247
9,459,626
9,483,701
9,491,318
9,495,606
9,594,984
9,697,439
9,740,956
9,852,363
9,911,066
9,996,772
9,996,890
10,037,471
10,133,921
10,157,332
10,169,702
10,213,692
10,268,922
10,339,417
10,339,669
10,366,293

U.S. PATENT DOCUMENTS

BL*

BL*

B2 *

B2 *

B2 *

BL*

B2 *

B2 *

B2 *
B2 *
BL*
B2 *
B2 *
B2 *
B2 *
B2 *
BL*
B2 *
B2 *
B2 *
B2 *
B2 *
BL*
B2 *
B2 *
BL*
B2 *
B2 *
BL*
B2 *
B2 *
B2 *
B2 *
B2 *
BL*

References Cited

7/2001 Abdel-Mottaleb

7/2003

12/2004

2/2005

1/2010

4/2013

7/2013

2/2014

8/2015
8/2015
2/2016
3/2016
3/2016
9/2016
9/2016
10/2016
11/2016
11/2016
11/2016
3/2017
7/2017
8/2017
12/2017
3/2018
6/2018
6/2018
7/2018
11/2018
12/2018
1/2019
2/2019
4/2019
7/2019
7/2019
7/2019

........................ GO6T 7/11

..................... GO6T 7/246

" GO6N 3/0454

Page 2
10,388,014
10,395,385
10,424,064
10,445,877
10,489,684
10,504,261
10,572,963
10,579,897
10,678,847
10,699,126
10,747,224
10,748,035
10.861,302
10,885,777
10,902,051
10,922,589
,,,,,,,,,,,,,,,,,,,,,,,,, 10,956,784
GO6K 9/00248 10,957,055
i
GO6K 9/2054 984,
38/173 10,991,097
11,004.236
11,017,266
382/171 11,069,048
""""""""" A6 11;3859/ g§ 2010/0226564
G01§5261/2 83875 i 2012/0271821
G°6T3 4112; 2(1); 2014/0085545
GO6K 9/6256 2014/0108302
382/159
GOGF 16/434 2014/0185925
707/722
2014/0328527
.. GO6T 7/41
.. GOG6K 9/6215
OO0k 9ueas 2015/0170006
GOG6T 7/0004
" GoGE 16/5838 2015/0199592
....... GO6T 7/12
GosG 1/0129 2016/0098619
GOG6K 9/468
04N 1/00196 2016/0103816
. G06Q 10/087
" GO6K 9/6201 2017/0371935
" GOG6K 9/6256 2018/0089505
. GO6T 7/12 2019/0015059
"GO6K 9/6215 2019/0034831
" GO6K 9/6227 2019/0130188
GO6T 7/73 2019/0130580
............. GO6K 9/627 2019/0313963
GO6K 9/6223 2019/0362185
. GOG6K 9/00463 2020/0143205
GOG6K 9/0067 L 2020/0146646
... GO6N 5/003 2020/0381105
.. GOG6K 9/6255 2021/0073977
. GOG6K 9/6215 2021/0073987
- GO6K 9/48 2021/0089841

. GOGT 7/75

B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
BL*
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
B2 *
Al*

Al*

Al*

Al*

Al*

Al*

Al*

Al*

Al*

Al*

Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*

* cited by examiner

8/2019
8/2019
9/2019
10/2019
11/2019
12/2019
2/2020
3/2020
6/2020
6/2020
8/2020
8/2020
12/2020
1/2021
1/2021
2/2021
3/2021
3/2021
4/2021
4/2021
4/2021
5/2021
5/2021
7/2021
9/2010

10/2012

3/2014

4/2014

7/2014

11/2014

6/2015

7/2015

4/2016

4/2016

12/2017
3/2018
1/2019
1/2019
5/2019
5/2019

10/2019

11/2019
5/2020
5/2020

12/2020
3/2021
3/2021
3/2021

GO6T 7/0012

. GO6K 9/4604

..... GOO6N 3/08

Albrecht ........... GO6K 9/00476
Choi oo GO6K 9/3241
Cinnamon .. GO6T 1/0007
Cinnamon  ............... GO6K 9/46
Redmon ... . GO6K 9/4619
Guo ... .... GOGF 16/51
Karyodisa . .. GO6K 9/00248
Michalakis . B60W 60/0015
Lee .......... .... GO6K 9/6267
Sawides . . GO8B 13/1961
Annapureddy GO6K 9/628
Hu ....ccoeeee. ... GO6N 20/00
Sargent . GO6N 3/0454
Gray ... GO6T 11/60
Razumkov ............... GO6K 9/46
Carter ... GI16H 30/40
Sargent . GO6N 3/0454
Yip ... .. GO6T 7/0012
Mustafi ... GO6K 9/033
Irshad . GOO6N 3/0454
Xu .. . GO6K 9/6267
March GO6K 9/469
382/159

Qin o GOGF 16/3346
707/728

Tu i GO6K 9/6292
348/659

Chang ... GOGF 16/68
706/11

Datta ........ccooe... GO6K 9/6256
382/159

Zhou .....ccoevive GO6T 7/149
382/131

Cohen .......ccce... GO6K 9/6297
382/180

Kim .o GO6K 9/6282
382/202

Gaidon ................ GO6K 9/6212
382/159

Grady .....c..... GO6K 9/00369
715/231

Nguyen GOG6F 16/248
El-Khamy ................ GO6T 7/73
Itu .......... ... A61B6/502
Perona ... .... GOGF 16/48
Zhou .. ... GO6T 7/248
Chen .. . GO6K 9/2054
Hillen . GOO6N 3/0454
Irshad GO6K 9/3241
Yao ..o, GO6K 9/6262
Tuzoff ... .. GO6T 7/0012
Bernard . . GO6K 9/6267
Carter ... ... GI6H 50/20
Tegzes ... .. GO6T 7/0012
Mithun ............... GO6K 9/4604



U.S. Patent Feb. 1, 2022 Sheet 1 of 23 US 11,238,374 B2

Storage circuit 102

Processor 104

training system 100

FIG. 1A

Server lZ_Q
labelled labelled labelled
resut ?eguﬁ result
Electronic device 110a Electronic device 110b Electronic device 110¢
annotator A annotator B annotator C

100a

FIG. 1B



U.S. Patent Feb. 1, 2022 Sheet 2 of 23

US 11,238,374 B2

determining
a plurdlity of consistencies by comparing

whether the labelled results are valid for
training an artificial intelligence
machine

the labelled results, and accordingly determining

providing a plurality of raw data to a ,J/ 5210
plurality of annotators
Va 5220
retrieving a plurdlity of labelled results |-
~S230

yes

-5240
5250
determining at least a specific part of
creating a notification related to the labelled results are valid for training
the labelled results the artificial intelligence machine.

FIG. 2




US 11,238,374 B2

Sheet 3 of 23

Feb. 1, 2022

U.S. Patent

0ld1—

¢ OI4

(01 0 1m0 @) g'p= 28y AOUB)SISUOD I0}DJOULD—JRYUI PUIY}
Ao:ogowvmonsmxocﬁmmmcooLBEOCSLBEucooom

(01 10 100 9) 9'0=18vy AOUG)SISUOD JOYDIOUUD—BYUI }SUI
(uosiodwod asimuind) UoID|NOIPY ADUB)SISUOD

_NG/S NN@S ¢eoal No\m._ 01
\ 3 A m

\

eoldt—

I

0

£Sa1- -

H
A\ ! | 0J0i030UUD

-€1001

¢0ld 1
¢SA1- -

| 7~ { g1oyojouup

—¢10d1

N

o/ 1} yJ01010UUD

—H007

01100

DIDP MDY

|

10Y



US 11,238,374 B2

vy Ol

Sheet 4 of 23

Feb. 1, 2022

U.S. Patent

AOUSISISUOD J0)DJOUUD—DAIUI HOH  :1nSey
JUSI01J800 UOIID[RUI00 SSDPR—DJUI  91D|N0JDY)
J J J SSDIS pafeqD ]
buijaqpy ¢ buljaqol, g buipgol,
/ xmﬁ/ﬁﬁﬂm \_BEocco/
<
fe=21 =1 “.N,MIMJ
_J..www_m.d_ Vo WMWM___MJ V% rﬁwmum._ ¥
. \ e T L
// \_ R -
—_— i
N /Wo? y
0ly



US 11,238,374 B2

gy "Old

Sheet 5 of 23

Feb. 1, 2022

U.S. Patent

AOUBISISUOY JOIDIOUUD—DAU MOT  11nsey
JUSI01J800 UOIID[RUI00 SSDPR—DJUI  91D|N0JDY)
{ a J SSDIS pafeqD ]
buijaqpy ¢ buljaqol, g buipgol,
/ xmﬁ/ﬁﬁﬂm \_BEocco/
<
L Hﬂmm_ NJ_ v ..MM,__WUJ A r.ﬁ.;:...mu ﬁ o
..... : \ T | -/
// \_ R -
—_— i
N /Wo? y
0ly



US 11,238,374 B2

Sheet 6 of 23

,2022

1

Feb

U.S. Patent

sjoxid 0

U0 2eSialul uolun Jo 9Zig




US 11,238,374 B2

Sheet 7 of 23

Feb. 1, 2022

U.S. Patent

9 Ol4

0G¥S -

$10}DIOUUD
8y} JO $2008 AOULISISUOD By} U0 Pasbq uolpayRou B Buppasd

payijonb 8q 0}
ploysasy) 0 uoyy Joubiy $9100S Y}M Siocipjouud By} buiuiwieisp

0¥¥S /

1

$0409s Aoud)sisuod jo Appunid o upygo o} piop buipgy jo Aypunid
D Y}M SJOJDIOUUD BY) JO YOD3 JO S)NSaJ pajjeqo| &y} buiiodwod

0cvS -

synsaJ pajpqpy Jo Ayjpanid o bumainal

0zyS -

oS

sJojplouuDd 3y} 0} plop MoJ jo Ayypinid o buipinoid




US 11,238,374 B2

Sheet 8 of 23

Feb. 1, 2022

U.S. Patent

~2 1001

—cl0a1

Q0 = O Joibjouup
9’0 = g J0}DjouuD
894005 )59} .—om._
\
IRy ..//8 Toy \
/ /’
£301- -/ "o o o o e e o [0\ oemew
2501~ |\ "o | [ o o ] T [No i emmon)
- Jamsu
201017 o 1 ¢ L I

804

e

L0Y

e}

»0d

|

/
.00d

0Y



US 11,238,374 B2

Sheet 9 of 23

Feb. 1, 2022

U.S. Patent

lopow fy

8 OI4

ULt

IV UID| | <t

WL

sabowi

1oqp|

BAISUBUI
JoqoT




US 11,238,374 B2

Sheet 10 of 23

Feb. 1, 2022

U.S. Patent

6 OId

[apows |y 8y} 8}opdn
0} S}NSeJ Pajjeqp| puodas sy} UM aulyopw |y ayy buiuipn

0G4S~

0vLS-

s)insaJ pajjeqpy puodas jo Ayp.anid
D SD D)DP MDJ 3y} Jo 3ipd puodss D fogp| 01 [opow jy ayy buisn

05/S-

jopow |y up
21010Uab 0} S}NS3J PaJRAD IS4 AY} YIM duyopuw Y up bumion

synsas pajjaqoy 184y jo Aypind o Buimeiiyal

02/S-

oLS—

p1op MpJ jo Aypunid o buipiaoud




US 11,238,374 B2

Sheet 11 of 23

Feb. 1, 2022

U.S. Patent

vol "9l

D) SsDp, 10
ppowl |y
30UD)SISSD (2G0T

v uibJ}




US 11,238,374 B2

Sheet 12 of 23

Feb. 1, 2022

U.S. Patent

40l "OId

D) SsDp, 10
ppowl |y
30UD)SISSD (2G0T

DIOP , 7 SSPP, 9jqissod Js)|ly % DIDP MDJ UO fy 20up)sissD A|ddy M
A4

Smmm |y DY)

(o]




US 11,238,374 B2

Sheet 13 of 23

Feb. 1, 2022

U.S. Patent

¢ 10}DJOUUD
7 Joypiouup

| 10)D}OUUD

L1 "Old

r
Yeq-
¥1q— |
| It S e !
{ | i
“ ! " -
Q| b £
| |
,7 - ,ﬁl ssssssssssssss ﬂ !Jm
— Pl o T
r—f-i--T 1 Pl P P
P L ) N
eqe 4 |1 | BN oo | i
Q- REn Q- 1
i [ T, d_d_ L1 i ! 4
| R, 34007 ! N
i t + \ [ 7 LAy
L. ) | w , ;i .,,
224 4q 2tq Hq \£q

g~



US 11,238,374 B2

Sheet 14 of 23

Feb. 1, 2022

U.S. Patent

¢l "Old

omw_m\

auyoow ousbyjelul oD ayy buipsy Joj pyoa si }nsal
palioqoy 184y 8y} 10y} Buiig}ap ¢ ploysauy} 2409s D upy} Jaybiy
S 1|NSaJ Pajeqoy 1Sy 3y} JO 84098 AQUBISISUOD By} 0} asuodsas ul

s
0CeiS~

slojpjouun ay) Aq pajjpgp| uoibas buipunog auo 1sDa| 1D By} pup
Ai0ba1p0 109(qo yopa jo 308(qo 18b4py Bu0 1SD8) 1D By} bulpdiucd
Aq 1jnse. pajjeqo] 154 dY) J0  8103s Aoualsisuod D buiuiuiisiap

Ki0b3305 103(qo yops jo
105(qo 150D} Bu0 }sD3| 10 Buikjiiuepl ‘ynsas Pa|aqD| 1SAl BY) 40}

\
0LCIS~




US 11,238,374 B2

Sheet 15 of 23

Feb. 1, 2022

U.S. Patent

¥1q

[P

£7q |

| SUPTR

£1q

vel "Old

fFrr T

Q-

| S .

1q

o= —=7
t

1119

¥1q

£1q

71q

i I IS e TS
1 g Vg —~—_ "
Qe 00

Itq

7_,;.
¢ Jojojouuo
| J0}DJOUUD :
¥1Q—

A R 7
| “ o
*, | g
i t
! i
i !
| i
USSP J

]

i 1 T

1 1 i

i ! t

i t f

1 i {

| | |

| | Veq-1

{ i i

t i i

e 4 = .

¢ o
! ‘
72q 71q Hq

siyipd uotbas 7|




US 11,238,374 B2

Sheet 16 of 23

Feb. 1, 2022

U.S. Patent

g¢l "Old

¢ J01D}OUUD

g Areq i
LA €7q
G S U S [
80 . S g
7iqfeg0178q;- ¢80 - /80-f7ig
..... o
Fa- 99015} 950160 [rvg

(piD [DNSIA JO} 0}DIOULD SWDS)

7 J0IDIOUUD m .....
| J0}DloUUD
. 1
veq- m
R i !
¥1q— m j
[arhatath St MR -1 “
o N
i 4
foq Lo 0
i 1
i ”
b e e L
S
..... o somsme—— P P )
e T D n
P Pl b L
eq- - || | o 12q i
F s 1 g
i [ I d_J_ L4 i P!
H b pri g | N
i + \ [y 7 di
L :,\1 - AV : .v |
7%q 71q 7¢q Hiq veq




US 11,238,374 B2

Sheet 17 of 23

Feb. 1, 2022

U.S. Patent

o¢l "Old

5 fidws

pus soh

06£1S-

ssind uoibal ou

syipd uoibas ayy woyy sod uoibal oiyroads

a3y} buipnjoxa pup S}UBINEL0D UOIIDIRLI0D B}
/1 WOJL JUBIOLJR00 UoRDPRLI0d dy1oads ayy Buipnpxe

08¢g1S~

aipd uoibay
ayoads ayy bupyosibau

dnoib bunsixs ayy ojur uoibas oyoads puodss ay)
pup uoibas olp0ads 1suy ayy jo Jayyoun ayy buippp

0LE1S™

dnoib bunsixd

09¢1S—

oY} JO Jaquisw D yiim
J0}DIOUUD BWDS dY} 0} SpuodsaLIod
uoibas alj1oads puodss ayy pup uoibas di10ads
184} 9U} JO JBYIOUD JBY}ayM

uoibau o1108ds puodas

oy} pup uoibas dyloads
11} 3y} U0 paspg

dnoib mau o buiypaso

buluiwisyep
06¢IS™

bunsixa up 0} sbuojeg
o01bas oy1oeds puodss ayy pup uoibas o410eds
11} BY] JO BUO JaYlaum
butuiwe}ap

/7
0£CLS

|

syiod uoibas 8y} W0} JUBIOILR0D UOIIDIRLIOD J1j10ads
0C21S .\19: 0} buipuodsariod uind uoibal oyidads o buineii}al

0¥eLS”

JUSIDHJ200 U0IDBAI0D J108ds D Bumalyal

0iglS—




US 11,238,374 B2

Sheet 18 of 23

Feb. 1, 2022

U.S. Patent

¥iq AT
¥80
gl 45

j
g
SL90
1.78'07%%9 -
4

gL

[ N————

£8°0-

16°0--

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! A

(PiD DNSIA JO} J0}DIOULD SWDS)

aclt "old

ueddoy buiyjou
€90 Yid "6 9b;yS

.mcmfoc ov 0S .t_oycwoccc QWIDS
9y} WOoJ} dWod £5q pup‘eeq
104} puy o

190 Wid g 9boyg

‘buiyyou op os ‘io}pjouuD BWDS
9y} WoJy aWod ££q pun‘Teq
104} puy o

8/°0 Woid £ 8b;yg

£1q ‘¥eq :¢ dnog

2£q‘z2q ‘219 17 dnoug

1q*req ‘1eq ;| dnotg

78°0 Moid "9 8bojg

€14 ‘v9q ¢ dnoug
72q‘z1q ;7 dnoig
g reqizq ;o dnotg

¥8'0 id g 9bo)g

uaddoy buiyou
98°0 Yold ' 9bDIS

72q‘74q ;7 dnoug
g reqizq ;) dnosg

[8°0 MId ¢ 9boig

g reqizq ;i dnog
16°0 ¥old 'Z 9boig

veq ‘12q 3} dnoig
G6'0 Yoid *| 9bDiS



US 11,238,374 B2

Sheet 19 of 23

Feb. 1, 2022

U.S. Patent

¥l Ol

uoibas aousIsjel

¢ JOJDIOUUD |

7 J0}DJOUUD : i

| J0YDIOUUD :

0zl

7eq‘z2q ‘z1q ;7 dnosy

reqe1q ¢ dnolg

- -
!

0cyl—

I .

A

Olyl—

¥
§
!
t
!
i
!
i
!
i
t

b e

,.5..“ ieq‘1ezq 1| dnoiy




US 11,238,374 B2

Sheet 20 of 23

Feb. 1, 2022

U.S. Patent

.I. n I.
99'0= = 91008 Aous}sisuod

GL'0=-FE:¢ 10}DJOUUD B} JO 21038
Koud)sisuod }sJi
G'0=-5E-17 10}DJOUUD BY} JO 91038
Kousysisuod ysuy

mﬁoﬂu_w.mﬁnu— JO]DJouUuD 3y} JO °l00S

Kous}sisuod isiy

Gl "Old

:ommmk_ CRIEFIED

o

¢ Jojpjouup i
e

¢ Joyojouup 1 !

| 40}DI0UUD

e — 3
1 H
1} i
j |
¥1q-— 0cyl— !
75(!54,. !!!!!!!!! = "
M ! M i
o —
M.NQ/\J | oaspatstcpapsiasaqmasain == -
i i
i i
I .,“
b e | | M z
i _ ¢ 4o ! o
o R | B
g | i o) ]
] _ | m !
| * ot L
“ H

7eq‘72q‘21q ;7 dnosy

¥eq‘e1q :¢ dnosg

g ‘reqizq 1) dnosg




U.S. Patent Feb. 1, 2022 Sheet 21 of 23 US 11,238,374 B2

1630

1620
\

FIG. 16

1610
(No target object)




US 11,238,374 B2

Sheet 22 of 23

Feb. 1, 2022

U.S. Patent

OO«—

LI "Dl

000 —ragr—= 94098 AOUd}SISu0d

uotba. aouslaal

..T :C J0}DJOUUD Y} JO 8103S ADUR)SISUOD }SJl)
I._v.. ;7 10}DJOUUD 8y} JO 04098 ADUB)SISUOD }Sil
Iw.. ;| Jo)pjouup 3y} Jo 24098 AOUSISISUOD 1Sl
m

0GL1

¢ Jo)bjouuDn MHHW
e 1
¢ doypjouup 1y
| J01D10ULD
OvLl
| —GOLL

— |

-

_raw.L. \. V

omt 0cL1 0lLl



US 11,238,374 B2

Sheet 23 of 23

Feb. 1, 2022

U.S. Patent

O‘—-i—

81 "OI4

S
99'0 = 4005 Aouajsisuod

uoibal aduslaal

¢ Jolblouud

¢ J0}blouud MHHHM
.....”.l .¢ JO]DJOUUD 3y} JO 3J03S >ocou~m_wcoo 1S4y | Jojpjouun
.l"l. .¢, 10}DJOUUD 9y} JO °100S %ocowm_mcoo 1S4y
0¥81

....w... .} JO}D}OUUD 9y} JO 9JOJS %ocowm_mcoo 1S4y ) A )

—— G081

¢ T w

0681 0c8l 0¢8| 0181



US 11,238,374 B2

1
METHOD FOR VERIFYING TRAINING
DATA, TRAINING SYSTEM, AND
COMPUTER READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of U.S. pro-
visional application Ser. No. 62/722,182, filed on Aug. 24,
2018, U.S. provisional application Ser. No. 62/792,908, filed
on Jan. 16, 2019, and U.S. provisional application Ser. No.
62/798,482, filed on Jan. 30, 2019. The entirety of each of
the above-mentioned patent applications is hereby incorpo-
rated by reference herein and made a part of this specifica-
tion.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention generally relates to the training
mechanism of artificial intelligence, in particular, to a
method for verifying training data, training system, and
computer program product.

2. Description of Related Art

In the field of artificial intelligence (Al), the quality of the
training data used to train the Al machine plays an important
role. If the training data is accurately labelled, the Al
machine may better learn from the training data, and hence
the accuracy of the generated Al model may be correspond-
ingly improved. However, if the training data is inaccurately
labelled, the learning process of the Al machine would be
sabotaged, and hence the performance of the generated Al
model may be correspondingly degraded.

Therefore, it is crucial for the people in the art to design
a mechanism for determining whether the training data are
good enough to be used to train the Al machine.

SUMMARY OF THE INVENTION

Accordingly, the present disclosure provides a method for
receiving a labelled result with a plurality of bounding
regions, wherein the labelled result corresponds to an image,
the bounding regions are labelled by a plurality of annota-
tors, the annotators comprises a first annotator and a second
annotator, and the bounding region comprises a first bound-
ing region labelled by the first annotator and a second
bounding region labelled by the second annotator; and
determining the first bounding region and the second bound-
ing region respectively corresponds to different two target
objects or corresponds to one target object according to a
similarity between the first bounding region and the second
bounding region.

The present disclosure provides a training system includ-
ing a storage circuit and a processor. The storage circuit
stores a plurality of modules. The processor is coupled to the
storage circuit and accessing the modules to perform fol-
lowing steps: receiving a labelled result with a plurality of
bounding regions, wherein the labelled result corresponds to
an image, the bounding regions are labelled by a plurality of
annotators, the annotators comprises a first annotator and a
second annotator, and the bounding region comprises a first
bounding region labelled by the first annotator and a second
bounding region labelled by the second annotator; and
determining the first bounding region and the second bound-
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ing region respectively corresponds to different two target
objects or corresponds to one target object according to a
similarity between the first bounding region and the second
bounding region.

The present disclosure provides a computer program
product for use in conjunction with a training system, the
computer program product including a computer readable
storage medium and an executable computer program
mechanism embedded therein, the executable computer pro-
gram mechanism including instructions for: receiving a
labelled result with a plurality of bounding regions, wherein
the labelled result corresponds to an image, the bounding
regions are labelled by a plurality of annotators, the anno-
tators comprises a first annotator and a second annotator, and
the bounding region comprises a first bounding region
labelled by the first annotator and a second bounding region
labelled by the second annotator; and determining the first
bounding region and the second bounding region respec-
tively corresponds to different two target objects or corre-
sponds to one target object according to a similarity between
the first bounding region and the second bounding region.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1A is a functional diagram of a training system for
verifying training data according to an embodiment of the
disclosure.

FIG. 1B shows a schematic view of a training system for
verifying training data according to another embodiment of
the disclosure.

FIG. 2 illustrates the method for verifying training data
according to an embodiment of the disclosure.

FIG. 3 is a schematic view of labelled results created by
annotators according to an embodiment of the disclosure.

FIG. 4A shows a schematic view of an annotator with
stable labelling performance according to an embodiment of
the disclosure.

FIG. 4B shows a schematic view of an annotator with
unstable labelling performance according to an embodiment
of the disclosure.

FIG. 5 shows a mechanism of obtaining the similarity of
ROIs.

FIG. 6 is a flow chart of the method for verifying the
annotators according to an exemplary embodiment of the
disclosure.

FIG. 7 is a schematic view of comparing the labelled
results of the annotators with correct answers according to
an embodiment of the disclosure.

FIG. 8 shows a conventional way of labelling the data for
training Al machines to generate the Al model.

FIG. 9 is a flow chart of the method for labelling raw data
based on pre-labelled data according to one embodiment of
the disclosure.

FIG. 10A and FIG. 10B are schematic views of imple-
menting the method of FIG. 9.

FIG. 11 illustrates a labelled result according to an
embodiment of the disclosure.

FIG. 12 shows a mechanism of determining whether the
first labelled result is valid for training an Al machine.

FIG. 13 A shows the bounding regions labelled by two of
the annotators according to FIG. 11.
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FIG. 13B shows all of the region pairs whose correlation
coeflicients are higher than the correlation threshold accord-
ing to FIG. 11 and FIG. 13A.

FIG. 13C shows the mechanism of merging the bounding
regions into the groups.

FIG. 13D shows the mechanism of merging the bounding
regions into the groups according to FIG. 13B.

FIG. 14 shows the obtained reference regions of each
group according to FIG. 13D.

FIG. 15 shows all bounding regions according to FIG. 11
and FIG. 14.

FIG. 16 shows a schematic view of handling a situation of
no target object according to an embodiment of the disclo-
sure.

FIG. 17 shows a schematic view of handling a situation of
no target object according to another embodiment of the
disclosure.

FIG. 18 shows a schematic view of handling a situation of
no target object according to yet another embodiment of the
disclosure.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

See FIG. 1A, which is a functional diagram of a training
system for verifying training data according to an embodi-
ment of the disclosure. In various embodiments, the training
system 100 may be implemented as, for example, a smart
phone, a personal computer (PC), a notebook PC, a netbook
PC, a tablet PC, or other electronic device, but the disclosure
is not limited thereto. In various embodiments, the training
system 100 may be an artificial intelligence (AI) platform
that provides at least one labelling tool for annotators to
perform labelling works. In the following descriptions, the
mechanism related to the labelling tools may be referred to
as image classification and object detection, wherein the
image classification may exemplarily correspond to FIG. 3,
and the object detection may exemplarily correspond to FIG.
11, but the disclosure is not limited thereto.

In the present embodiment, the training system 100
includes a storage circuit 102 and a processor 104. The
storage circuit 102 may be one or a combination of a
stationary or mobile random access memory (RAM), read-
only memory (ROM), flash memory, hard disk, or any other
similar device, and which records a plurality of programs or
modules that can be executed by the processor 104.

The processor 104 may be coupled to the storage circuit
102. In various embodiments, the processor 104 may be, for
example, a general purpose processor, a special purpose
processor, a conventional processor, a digital signal proces-
sor (DSP), a plurality of microprocessors, one or more
microprocessors in association with a DSP core, a controller,
a microcontroller, Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Array (FPGAs) circuits,
any other type of integrated circuit (IC), a state machine, an
ARM-based processor, and the like.

The processor 104 may access the programs stored in the
storage circuit 102 to perform the method for verifying
training data of the present disclosure, and the detailed
discussions will be provided hereinafter.

Roughly speaking, the training system 100 may be used
to train an Al machine based on a plurality of training data
after verifying the training data via the method proposed in
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the following, wherein the training data may be imple-
mented by a plurality of labelled results created by a
plurality of annotators A, B, and C via labelling raw data.

In some other embodiments, the training system 100 may
be modified to be the aspect as shown in FIG. 1B. See FIG.
1B, a training system 100a¢ may include a plurality of
electronic devices 110a, 1105, 110¢, and a server 120. The
electronic devices 110a-110¢ (e.g., personal computers or
the like) may be respectively used for the annotators A, B,
C to create the labelled results by labelling raw data and
accordingly transmit the labelled results of the annotators A,
B, and C to the server 120. Thereafter, the server 120 may
use the labelled results from the electronic devices 110a-
110c¢ to train the Al machine after verifying the labelled
results via the method proposed in the following.

Since the mechanism performed by the processor 104 in
FIG. 1A and the server 120 in FIG. 1B are basically the
same, the discussion in the following will be focused on the
operations performed by the processor 104 for brevity.

Referring to FIG. 2 and FIG. 3, FIG. 2 illustrates the
method for verifying training data according to an embodi-
ment of the disclosure, and FIG. 3 is a schematic view of
labelled results created by annotators according to an
embodiment of the disclosure. The method shown in FIG. 2
may be implemented by the training system 100 of FIG. 1A.
The details of each step of FIG. 2 will be described below
with reference to the elements shown in FIG. 1A and the
scenario shown in FIG. 3.

In step S210, a plurality of raw data R01, R02, . .., R09,
and R10 may be provided to annotators A, B, and C. In the
present embodiment, each of the raw data R01-R10 may be
an image of a cat or a dog for the annotators A-C to identify,
but the disclosure is not limited thereto. In other embodi-
ments, the raw data may by other types of images, such as
human images, medical images, etc.

For example, when the raw data R01 is presented to the
annotator A, the annotator A may recognize the raw data R01
as an image with a cat, and hence the annotator A may use
“C” (which may be regarded as a labelled data LD011) to
label the raw data R01. For the annotators B and C, since
they may also recognize the raw data R01 as an image with
a cat, and hence the may both use “C” (which may be
regarded as labelled data 1.1D012 and [.D013) to label the
raw data RO1. For another example, when the raw data R10
is presented to the annotator A, the annotator A may recog-
nize the raw data R10 as an image with a dog, and hence the
annotator A may use “D” (which may be regarded as a
labelled data L.D101) to label the raw data R10. For the
annotators B and C, since they may recognize the raw data
R10 as an image with a cat, and hence the may both use “C”
(which may be regarded as labelled data .LD102 and L.1D103)
to label the raw data R10. The meanings of other labelled
data in FIG. 3 may be deduced from the above teachings,
which would not be repeated herein.

For the ease of the following discussions, the labelled data
of the annotators on the same raw data will be collectively
referred as a labelled result, and the labelled data of one
annotator on all of the raw data would be collectively
referred as a labelled data set.

Under this situation, the labelled data LD011, LD012, and
LD013 of the annotators A, B, C on the raw data R01 may
be collectively referred as a labelled result LR01, and the
labelled data 1LD101, LD102, and LD103 of the annotators
A, B, C on the raw data R10 may be collectively referred as
a labelled result LR10. The labelled data made by the
annotator A on the raw data R01-R10 may be referred as a
labelled data set LDS1; the labelled data made by the
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annotator B on the raw data R01-R10 may be referred as a
labelled data set LDS2; and the labelled data made by the
annotator C on the raw data R01-R10 may be referred as a
labelled data set LDS3, but the disclosure is not limited
thereto.

In step S220, a plurality of labelled results may be
retrieved. In the present embodiment, the labelled results of
the annotators A-C on labelling the raw data R01-R10, such
as the labelled results LR01 and LR10, may be retrieved
after the annotators A-C finish their labelling tasks on the
raw data R01-R10.

In one embodiment, the confidence level (CL) of the
annotators A-C on labelling one of the raw data may be
further retrieved. The confidence level may depend on the
consistency of the annotators A-C on labelling one of the
raw data. For example, since all of the annotators A-C label
“C” for the raw data R01, the consistency of the annotators
A-C on labelling the raw data R01 is high. Therefore, the
confidence level related to the raw data R01 may be “H”
(which stands for high). For another example, since the
annotators A-C inconsistently labelled the raw data R10, the
confidence level related to the raw data R10 may be labelled
as “M” (which stands for moderate). In other embodiments,
the confidence level related to each of the raw data may be
used as a reference while the labelled results are used to train
an artificial (AI) machine, which would be discussed later.

In step S230, a plurality of consistencies may be deter-
mined based on the labelled results, and whether the labelled
results are valid for training the Al machine may be accord-
ingly determined. If yes, in step S240, at least a specific part
of'the labelled results may be saved as a database for training
the Al machine; otherwise, in step S250, a notification
related to the labelled results may be created.

In one embodiment, the consistencies of the annotators
A-C may include a first inter-annotator consistency (repre-
sented by R ,5) between the annotators A and B. The first
inter-annotator consistency may be obtained by comparing
the labelled data set LDS1 with the labelled data set LDS2
and proportional to a first consistency between the labelled
data set LDS1 and the labelled data set LDS2. As shown in
FIG. 3, since the annotators A and B consistently labelled 6
of the raw data out of all of the raw data R01-R10, the first
inter-annotator consistency (i.e., R ,z) may be characterized
as 0.6.

In addition, the consistencies of the annotators A-C may
include a second inter-annotator consistency (represented by
R, ) between the annotators A and C and a third inter-
annotator consistency (represented by Ry.) between the
annotators B and C. The second inter-annotator consistency
may be obtained by comparing the labelled data set LDS1
with the labelled data set LDS3 and proportional to a second
consistency between the labelled data set L.DS1 and the
labelled data set LDS3. As shown in FIG. 3, since the
annotators A and C consistently labelled 8 of the raw data
out of all of the raw data R01-R10, the second inter-
annotator consistency (i.e., R,.) may be characterized as
0.8. Similarly, the third inter-annotator consistency may be
obtained by comparing the labelled data set .DS2 with the
labelled data set LDS3 and proportional to a third consis-
tency between the labelled data set LDS2 and the labelled
data set LDS3. As shown in FIG. 3, since the annotators B
and C consistently labelled 8 of the raw data out of all of the
raw data R01-R10, the third inter-annotator consistency (i.e.,
Rz) may be characterized as 0.8.

In one embodiment, an intra-annotator consistency of
each of the annotators may be further calculated to charac-
terize the labelling consistency of each of the annotators.
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Specifically, the raw data may be modified to include a first
raw data and a second raw data identical to the first raw data.
In this case, the intra-annotator consistency of a certain
annotator may be proportional to the consistency of the
certain annotator labelling the first raw data and the second
raw data and may be obtained as the same way of obtaining
the inter-annotator consistency. For example, the intra-an-
notator consistency may be obtained by the similarity
between the regions of interest (ROI) labelled by the certain
annotator in the first raw data and the second raw data. The
more the ROIs overlapped with each other, the higher the
intra-consistency is. If the intra-annotator consistency of the
certain annotator is high, it represents that the performance
of the certain annotator on labelling the raw data is stable,
and vice versa. See FIGS. 4A and 4B for further discussions.

FIG. 4A shows a schematic view of a annotator with
stable labelling performance according to an embodiment of
the disclosure. In FIG. 4A, a bunch of raw data 410 are
provided to a annotator, wherein the raw data 410 includes,
for example, three identical raw data 410a for the annotator
to perform the labelling task. As shown in FIG. 4A, since the
annotator consistently label the three raw data as the class
“C”, the processor 104 may obtain a high intra-annotator
consistency of the annotator after calculation the intra-class
correlation coefficient.

On the contrary, FIG. 4B shows a schematic view of an
annotator with unstable labelling performance according to
an embodiment of the disclosure. In FIG. 4B, the raw data
410 with three identical raw data 410a may be provided to
another annotator to perform the labelling task. As shown in
FIG. 4B, since the other annotator inconsistently label the
three raw data 410qa as different classes, the processor 104
may obtain a low intra-annotator consistency of the anno-
tator after calculation the intra-class correlation coefficient.

In other embodiments, if the annotators are asked to label
the raw data in different ways, such as labelling a region of
interest (ROI) by labelling a bounding region in each of the
raw data, the way of obtaining/calculating the consistencies
may be correspondingly modified. For example, if the
annotators are asked to label the region of a tumor in a
computed tomography (CT) image, the inter-annotator con-
sistency between any two of the annotators may be charac-
terized by the similarities of the ROIs labelled by the two
annotators in each of the raw data. In various embodiments,
these similarities may be obtained by algorithms such as
Dice similarity indices/Jaccard index method, Cohen’s
Kappa method, Fleiss’ Kappa method, Krippendorft’s alpha
method, and/or the intra-class correlation coeflicient
method, but the disclosure is not limited thereto.

For further discussion, Dice similarity indices/Jaccard
index method shown in FIG. 5 will be used as an example
for determining the inter-annotator consistency. In FIG. 5, a
raw data 500 is provided for the annotators A and B, and the
annotators A and B are asked to label ROIs (e.g., a tumor)
in the raw data 500. The ROIs 510a and 5106 are respec-
tively labelled by the annotators A and B. Based on the
principles of Dice similarity indices/Jaccard index method,
the processor 104 may determine the size of the union 520
(represented by P, pixels) of the ROIs 510a¢ and 5105 and
the size of the intersection 530 (represented by P, pixels) of
the ROIs 5104a and 5105. Afterwards, the similarity between
the ROIs 510a¢ and 5105 may be obtained by P,/P,, (ie.,
intersection over union, IoU), but the disclosure is not
limited thereto.

In one embodiment, if all of the consistencies are higher
than a threshold, the labelled results may be determined to
be valid for training the Al machine and be fed to the Al
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machine. Therefore, the Al machine may learn from the
labelled results about how to identify future raw data as, for
example, a cat or a dog, and accordingly generate an Al
model for identifying the future raw data.

In addition, when the labelled results are fed to the Al
machine, the labelled results may be assigned with different
weightings based the related confidence levels. For example,
in FIG. 3, since the confidence levels related to the raw data
RO1, R03, RO5, R06, R08, and R09 are “H” (high), the
labelled results related thereto may be assigned with a higher
weighting, which makes the Al machine take more consid-
erations thereto. On the other hand, since the confidence
levels related to the raw data R02, R04, R07, and R10 are
“M” (moderate), the labelled results related thereto may be
assigned with a lower weighting, which makes the Al
machine take less considerations thereto, but the disclosure
is not limited thereto.

In another embodiment, if only a first number of the
consistencies are higher than the threshold, it may be deter-
mined that only the specific part of the labelled results is
valid for training the Al machine. In one embodiment, the
specific part may include a specific labelled data set of a
specific annotator whose related consistencies are higher
than a threshold. For example, if the consistencies related to
the annotator A, such as R ;5, R, and the intra-consistency
of the annotator A, are higher than a threshold, the labelled
data set LDS1 may be provided to train the Al machine, but
the disclosure is not limited thereto. In addition, when the
specific part of the labelled results is fed to the Al machine,
the labelled results therein may also be assigned with
different weightings based on the confidence levels thereto,
which may be referred to the teachings in the above.

In yet another embodiment, if a second number of the
consistencies are lower than the threshold, it may be deter-
mined that the labelled results are not valid for training the
Al machine, and hence step S250 may be subsequently
performed to create the notification. The notification may be
regarded as a report, which may be shown to, for example,
the administrators of the annotators A-C, such that the
administrators may be aware of the performances of the
annotators, but the disclosure is not limited thereto.

In different embodiments, the notification may include an
unqualified annotator whose related consistencies are lower
than a threshold. For example, if the consistencies related to
the annotator A, such as R ;5, R, and the intra-consistency
of the annotator A are lower than a threshold, it represents
that the performance of the annotator A on labelling the raw
data may be unsatisfying, and hence the annotator A may be
highlighted in the notification for the administrators to know.

Additionally, or alternatively, the notification may include
a questionable raw data which is inconsistently labelled by
the annotators. Specifically, sometimes the reason of the
annotators failing to achieve acceptable consistencies is
because the qualities of the raw data are too poor to be
recognized (e.g., blurry images). Therefore, the questionable
raw data that are (highly) inconsistently labelled by the
annotators may be added to the notification for the admin-
istrators to know. After considering the questionable raw
data, the administrators may determine whether to discard
the questionable raw data. In some other embodiments, the
processor 104 may additionally determine the quality of the
raw data based on the resolution, signal-to-noise ratio,
and/or the contrast thereof and accordingly exclude the raw
data with low quality. In one embodiment, if the intra-
annotator consistency of a certain annotator is high, the
notification may highlight the certain annotator for his/her
good work. However, if the intra-annotator consistency of a
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certain annotator is, the notification may highlight the cer-
tain annotator’s labelled results for the administrators to
decide whether to keep the certain annotator’s labelled
results, send the certain annotator back to be trained again,
and/or check the quality of the raw data.

In other embodiments, even if the notification is gener-
ated, the method may further determine that whether there
are some of the labelled results that can be used to train the
Al machine.

In one embodiment, if only the first inter-annotator con-
sistency (i.e., R ;) is higher than a threshold (i.e., the second
and the third inter-annotator consistencies are low), a con-
sistently labelled data between the labelled data set LDS1
and the labelled data set LDS2 may be fed to the Al machine.
That is, as long as one of the inter-annotator consistencies
(e.g., R,5) is high enough, the consistently labelled data of
the two related annotators (e.g., the annotators A and B) may
be still considered as valuable for training the Al machine.

In another embodiment, if only the first inter-annotator
consistency and the second inter-annotator consistency
related to the annotator A are higher than a threshold, the
labelled data set LDS1 may be fed to the Al machine.
Specifically, since only the consistencies (e.g., R,z and R )
related to the annotator A are high enough, it represents that
the labelled data set LDS1 may have a higher consistency
with each of the labelled data sets LDS2 and LDS3. There-
fore, the labelled data set LDS1 may be still considered as
valuable for training the Al machine. In addition, since the
third inter-annotator consistency (i.e., Rgz-) failed to meet
the threshold, the notification may be added with another
content about the raw data that are inconsistently labelled by
the annotators B and C for the administrators to check.

In yet another embodiment, if only the first inter-annotator
consistency and the second inter-annotator consistency
related to the annotator A are lower than a threshold, the
labelled data sets LDS2 and L.DS3 may be fed to the Al
machine. Specifically, since only the consistencies (e.g., R,
and R,.) related to the annotator A are unsatisfying, it
represents that the labelled data set LDS1 may have a lower
consistency with each of the labelled data sets LDS2 and
LDS3. Therefore, the labelled data sets LDS2 and LDS3
may be still considered as valuable for training the Al
machine. In addition, since the notification may be added
with another content about the labelled data set LDS1 of the
annotator A, whose works are highly inconsistent with other
annotators, for the administrators to check.

In other embodiments, the consistencies mentioned FIG.
2 may be defined in other ways, which may lead to different
implementations of step S230. Detailed discussions would
be provided hereinafter, and FIG. 3 would be regarded as an
example for better understandings.

For each of the raw data R01-R10 of FIG. 3, each of the
annotators A-C may choose one of a plurality of object
categories therefor. As taught in the previous embodiments,
the considered object categories may include “C” and “D”.
Taking the raw data R01 as an example, the annotators A-C
may respectively choose C, C, C for the raw data R01, and
hence the labelled data LD011, L.LD012 and LD013 may be
accordingly generated and collectively form the labelled
result LRO1. Taking the raw data R10 as another example,
the annotators A-C may respectively choose D, C, C for the
raw data R10, and hence the labelled data LD101, LD102
and LD103 may be accordingly generated and collectively
form the labelled result LR10.

Roughly speaking, the processor 104 may determine a
consistency score for each of the raw data R01-R10 based on
the labelled results in FIG. 3, and accordingly determine
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whether the raw data R01-R10 are valid for training the Al
machine. For ease of understanding, the labelled result LR02
and the related labelled data LD021, L.D022 and L.D023
would be used as an example for the following discussions,
but the disclosure is not limited thereto.

In one embodiment, the processor 104 may generate a
recommend result for the labelled result LR02 by comparing
the labelled data LD021, LD022 and L.D023 in the labelled
result LR 02 of the annotators A-C. For example, the
processor 104 may determine a specific object category of
the object categories as the recommend result, wherein the
specific object category has a highest number in the labelled
data LD021, LD022 and L.D023. In the labelled result LR02,
the number of the object category “C” is 1, and the number
of the object category “D” is 2. Accordingly, the processor
104 may take the object category “D” with the highest
number as the recommend result. In some embodiments, the
recommend result may be some deterministic answers that is
pre-given for being used to compared with the labelled data,
but the disclosure is not limited thereto.

Afterwards, the processor 104 may determine a first
consistency score of each annotator A-C on the labelled
result LR02 by comparing each labelled data LD021, .D022
and LD023 with the recommend result (e.g., “D”). In one
embodiment, the processor 104 may determine whether the
labelled data LD021 of the annotator A is identical to the
recommend result. In FIG. 3, since the labelled data LD021
is different from the recommend result, the processor 104
may determine the first consistency score of the annotator A
is 0. In one embodiment, the processor 104 may determine
whether the labelled data LD022 of the annotator B is
identical to the recommend result. In FIG. 3, since the
labelled data LD022 is identical to the recommend result, the
processor 104 may determine the first consistency score of
the annotator B is 1. Similarly, the processor 104 may
determine the first consistency score of the annotator C is 1.
In other embodiments, the first consistency score of each
annotators A-C may also be obtained in other ways based on
the requirements of the designers.

Next, the processor 104 may determine a second consis-
tency score of the labelled result LR02 based on the first
consistency score of each annotator A-C. In one embodi-
ment, the processor 104 may determine an average of the
first consistency score of each annotator A-C as the second
consistency score. In FIG. 3, since the first consistency
scores of the annotators A-C are 0, 1, and 1, the second
consistency score of the labelled result LR02 may be cal-
culated as 0.66 (i.e., (0+1+1)/3=0.66), but the disclosure is
not limited thereto.

Subsequently, the processor 104 may determine whether
the second consistency score of the labelled result LR02 is
higher than a consistency score threshold. If yes, the pro-
cessor 104 may determine that the labelled result LR02 is
valid for training the artificial intelligence machine, and vice
versa.

In other embodiments, the disclosure further proposes a
mechanism for determining whether an annotator is reliable
for performing the labelling tasks or the labelled data
labelled by the annotator in the labelled results is valid for
training the artificial intelligence machine. For ease of
understanding, the annotator A would be used as an
example, but the disclosure is not limited thereto.

Specifically, the processor 104 may determine a recom-
mend result for each of the labelled results. Taking FIG. 3 as
an example, the recommend result of the labelled results
corresponding to the raw data R01-R10 are C, D, D, D, D,
D, D, C, C, C. The detail of obtaining the recommend result
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of each labelled result may be referred to the previous
teachings, which would not be repeated herein.

Next, the processor 104 may determine the first consis-
tency score of the annotator A on each of the labelled results
by comparing the labelled data (labelled by the annotator A
in each labelled result) and the recommend result of each
labelled results. Based on the teaching in the above, the first
consistency scores of the annotator A on the labelled results
are 1,0,1, 1,1, 1,1, 1, 1, 0.

Afterwards, the processor 104 may determining a third
consistency score of the annotator A based on the first
consistency score of the annotator A on each of the labelled
results. In one embodiment, the processor 104 may take an
average of the first consistency score of the annotator A on
each of the labelled results as the third consistency score,
which may be 0.8 (i.e., (1+0+1+1+1+1+1+1+1+0)/10=0.8).

With the third consistency score of the third consistency
score of the annotator A on each of the labelled results, the
processor 104 may determine whether the third consistency
score of the annotator A on each of the labelled results is
higher than an annotator score threshold. If yes, the proces-
sor 104 may determine that the annotator A is reliable for
labelling the raw data, and vice versa.

In other embodiments, the processor 104 may calculate a
fourth consistency score of the dataset that includes the
labelled results of FIG. 3. Specifically, based on the teach-
ings in the above, the second consistency score of the
labelled results corresponding to the raw data R01-R10 are
1, 0.66, 1, 0.66, 1, 1, 0.66, 1, 1, 0.66. In this case, the
processor 104 may determine an average of the second
consistency score of the labelled results corresponding to the
raw data RO1-R10 as the fourth consistency score of the
dataset of FIG. 3. Therefore, the fourth consistency score of
the dataset would be 0.86 (i.e., (1+40.66+1+0.66+1+140.66+
14140.66)/10=0.86). With the fourth consistency score, the
processor 104 may determine whether the dataset as a whole
is qualified for training by determine whether the fourth
consistency score is higher than a consistency score thresh-
old. If yes, the processor 104 may determine that the dataset
is qualified for training, and vice versa, but the disclosure is
not limited thereto.

As can be known from the above, the method of the
disclosure may determine whether the labelled results of the
annotators are valid to train the Al machine based on the
consistencies (e.g., the inter-annotator consistency or/and
the intra-annotator consistency) of the annotators. Further, if
there exist questionable raw data, unqualified annotators, or
like, a notification may be accordingly created and provided
to the administrators. As such, the administrators may be
aware of the performances of the annotators and the quality
of the raw data and correspondingly take actions, such as
excluding the questionable raw data and the unqualified
annotators (even the label data made by the unqualified
annotators will not be saved as the training data for the Al
machine). Moreover, when the labelled results are fed to the
Al machine, the labelled results may be assigned with
different weightings based the related confidence levels,
such that the Al machine may decide to learn more from
which of the labelled results (i.e., the labelled results with
higher confidence levels).

In some other embodiments, the concept described in the
above may be used to verify whether the annotators are
qualified (or well-trained) to label raw data. See FIG. 6 and
FIG. 7 for further discussions.

FIG. 6 is a flow chart of the method for verifying the
annotators according to an exemplary embodiment of the
disclosure, and FIG. 7 is a schematic view of comparing the
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labelled results of the annotators with correct answers
according to an embodiment of the disclosure. The method
shown in FIG. 6 may be implemented by the training system
100 of FIG. 1A. The details of each step of FIG. 6 will be
described below with reference to the elements shown in
FIG. 1A and the scenario shown in FIG. 7.

In step S410, a plurality of raw data R01', R02', . . ., R09'",
and R10' may be provided to annotators B and C. In the
present embodiment, each of the raw data R01'-R10' may be
an image of a cat or a dog for the annotators B and C to
identify, but the disclosure is not limited thereto. In other
embodiments, the raw data may include other types of
images, such as human images, medical images, etc.

For example, when the raw data R01' is presented to the
annotator B, the annotator B may recognize the raw data
RO1' as an image with a cat, and hence the annotator B may
use “C” (which may be regarded as a labelled data LD012")
to label the raw data R01'. For the annotator C, since the
annotator C may also recognize the raw data R01' as an
image with a cat, and hence the annotator C may also use
“C” (which may be regarded as labelled data L.LD013") to
label the raw data RO01'.

For the ease of the following discussions, the labelled data
of the annotators on the same raw data will be collectively
referred as a labelled result, and the labelled data of one
annotator on all of the raw data would be collectively
referred as a labelled data set.

Under this situation, the labelled data LD012' and LD013'
of the annotators B and C on the raw data R01' may be
collectively referred as a labelled result LRO1', and the
labelled data LD102' and L.D103' of the annotators B and C
on the raw data R10' may be collectively referred as a
labelled result LR10'. The labelled data made by the anno-
tator B on the raw data R01'-R10' may be referred as a
labelled data set LDS2', and the labelled data made by the
annotator C on the raw data R01'-R10' may be referred as a
labelled data set LDS3', but the disclosure is not limited
thereto.

In step S420, a plurality of labelled results may be
retrieved. In the present embodiment, the labelled results of
the annotators B and C on labelling the raw data R01'-R10',
such as the labelled results LRO1' and LR10', may be
retrieved after the annotators B and C finish their labelling
tasks on the raw data R01'-R10'".

In step S430, the labelled results of each of the annotators
may be compared with a plurality of training data to obtain
a plurality of consistency scores. In FIG. 7, the training data
may be characterized as the correct answers of labelling the
raw data R01'-R10'. That is, each of the raw data R01'-R10'
will be pre-labelled as a cat or a dog by, for example, the
administrators of the annotator B and C. For the annotator B,
since there are 6 of the labelled data in the labelled data set
LDS2' are consistent with the correct answers, the consis-
tency score of the annotator B may be 0.6 (i.e., %i0). For the
annotator C, since there are 8 of the labelled data in the
labelled data set LDS3' are consistent with the correct
answers, the consistency score of the annotator C may be 0.8
(i-e., %10).

In other embodiments, if the annotators B and C are asked
to label the raw data in different ways, such as labelling an
ROl in each of the raw data, the way of obtaining/calculating
the consistency scores may be correspondingly modified.
For example, if the annotator B is asked to label the region
of a tumor in a CT image, the consistency score of the
annotator B may be characterized by the similarities
between the ROI labelled by the annotator B and the ROI
(i.e., the training data or the correct answer) pre-labelled by

10

15

20

25

30

35

40

45

50

55

60

65

12

the administrators in each of the raw data. In various
embodiments, these similarities may be obtained by algo-
rithms such as Dice similarity indices/Jaccard index method,
Cohen’s Kappa method, Fleiss’ Kappa method, Krippen-
dorff s alpha method, and/or the intraclass correlation coef-
ficient method, but the disclosure is not limited thereto.

In step S440, the annotators with consistency scores
higher than a threshold may be determined to be qualified,
and in step S450 a notification may be created based on the
consistency scores of the annotators. For example, if the
annotator B is determined to be qualified, it may represent
that the performance of the annotator B is good enough to
label other unknown raw data. Therefore, the annotator B
can be, for example, dispatched to do the works discussed in
the embodiments of FIG. 2 and FIG. 3, but the disclosure is
not limited thereto.

On the other hand, if the consistency score of the anno-
tator B fails to meet the threshold, it may represent that the
performance of the annotator B is not good enough to label
other unknown raw data. Therefore, the annotator B can be
highlighted in the notification for the administrators to know,
and the administrators may take actions such as asking the
annotator B to be trained with specific training sessions
related to enhance the skills of labelling the raw data, such
as medical trainings for identifying a tumor in a CT image,
but the disclosure is not limited thereto.

In one embodiment, those questionable raw data that are
highly incorrectly answered by the annotators B and C may
also be highlighted in the notification for the administrators
to know that which of the raw data may be too difficult to be
identified. Therefore, the administrators may accordingly
decide whether to exclude the questionable raw data from
the raw data used to verify other annotators. In some other
embodiments, the questionable data may be automatically
excluded by the processor 104 based on some specific
criteria.

In some other embodiments, before the annotators B and
C perform the labelling tasks on the raw data, the annotators
B and C may be asked to participate the specific training
sessions related to enhance the skills of labelling the raw
data, such as medical trainings for identifying a tumor in a
CT image. If some of the annotators are determined to be
unqualified, the administrators may correspondingly modify
the contents of the training sessions and ask theses annota-
tors to take the modified training sessions again, but the
disclosure is not limited thereto.

As can be known from the above, the method of the
disclosure may verify whether the annotators are qualified to
label other unknown raw data based on the comparison
result between their labelled results and the training data
(e.g., the correct answers). Further, the method may create
notification based on the consistency scores of the annota-
tors, such that the administrators may be aware of question-
able raw data, unqualified annotators, or the like and corre-
spondingly take actions such as modifying training sessions,
excluding questionable raw data, and asking unqualified
annotators to take training sessions again, etc.

See FIG. 8, which shows a conventional way of labelling
the data for training Al machines to generate the Al model.
As shown in FIG. 8, if raw data 710 include data belonging
to a first class data set (e.g., an image of a cat) or a second
class data set (e.g., an image of a dog), each of the raw data
710 has to be manually labelled by users as “C” (i.e., cat) or
“D” (i.e., dog), which is a labor intensive work for the users.
After all of the raw data 710 are labelled, the labelled data
711 which are labelled as “C” and the labelled data 712
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which are labelled as “D” may be used to train the Al
machine to generate the Al model.

However, as the number of the raw data 710 grows, more
and more effort of the users have to be given to label the raw
data 710, which makes the labelling tasks inefficient.

Accordingly, the disclosure proposes a method for label-
ling raw data based on pre-labelled data, which may use a
plurality of the pre-labelled data to train the Al machine and
use the correspondingly generated Al model to assist the
work of labelling the remaining raw data. See FIG. 9, FIG.
10A, and FIG. 10B for detailed discussions.

FIG. 9 is a flow chart of the method for labelling raw data
based on pre-labelled data according to one embodiment of
the disclosure, and FIG. 10A and FIG. 10B are schematic
views of implementing the method of FIG. 9. The method
shown in FIG. 9 may be implemented by the training system
100 of FIG. 1A. The details of each step of FIG. 9 will be
described below with reference to the elements shown in
FIG. 1A and the scenario shown in FIGS. 10A and 10B.

In step S710, a plurality of raw data 810 may be provided.
In the present embodiment, the raw data 810 are assumed to
be formed by data belonging to a first class data set or a
second class data set. For the ease of following discussions,
the data belonging to the first class data set are assumed to
be images of cats (class “C”), and the data belonging to the
second class data set are assumed to be images of dogs (class
“D”), but the disclosure is not limited thereto.

In step S720, a plurality of first labelled results 820 may
be retrieved. In the present embodiment, the first labelled
results 820 may be the pre-labelled data made by, for
example, professionals or the annotators on labelling ROIs
in a first part of the raw data 810. For example, the
annotators may be asked to label a small batch of the raw
data 810 that may be regarded as belonging to the first class
data set. That is, the first labelled results 820 may be the
images labelled by the annotators as images of cats.

In step S730, an Al machine may be trained with the first
labelled results 820 to generate an Al model. In the present
embodiment, since the Al machine is trained with the first
labelled results 820, which are the images belonging to the
class “C”, the Al machine may learn whether to identify
unknown images as class “C”. In this case, the correspond-
ingly generated Al model may determine whether to identify
unknown images as class “C” in response to receiving the
unknown images, but the disclosure is not limited thereto.

In step S740, the Al model may be used to label a second
part of the raw data 810 as a plurality of second results 821,
as shown in FIG. 10B. That is, after the Al machine has been
trained with the first labelled results 820 to generate the Al
model, and the Al model may be used to assist the tasks on
labelling the second part of the raw data 810 as the second
labelled results 821. Therefore, the data that can be used to
train the Al machine to identify the images of the class “C”
may be increased.

In step S750, the Al machine may be trained with the
second labelled results 821 to update the Al model. That is,
since the data that can be used to train the Al machine to
identify the images of the class “C” are used to further train
the Al machine, the updated Al model may better learn
whether to identify unknown images as class “C”. In some
embodiments, before the second labelled results 821 are
used to train the Al machine, the second labelled results 821
may be double checked by the annotators, but the disclosure
is not limited thereto.

In other embodiments, the updated Al model may be
further used to label a third part of the raw data 810 as a
plurality of third labelled results, and the Al machine may be

30

35

40

45

14

further trained with the third labelled results to further
update the Al model. Further, the updated Al model may be
used to assist the tasks on labelling other parts of the raw
data 810 as the class “C”. The steps in the above can be
repeatedly performed until all of the class “C” data in the
raw data 810 have been completely labelled, but the disclo-
sure is not limited thereto.

As a result, the whole tasks on labelling the class “C” data
in the raw data 810 may be less labor intensive and more
efficient.

In other embodiments, after all of the class “C” data (i.e.,
the data belonging to the data set) are identified by the Al
model, a plurality of fourth labelled results may be retrieved.
In the present embodiment, the fourth labelled results may
be the pre-labelled data made by, for example, professionals
or the annotators on labelling ROIs in a fourth part of the raw
data 810. For example, the annotators may be asked to label
a small batch of the raw data 810 that may be regarded as
belonging to the second class data set, i.e., the class “D”
data. That is, the fourth labelled results may be the images
labelled by the annotators as images of dogs.

Next, the Al machine may be trained with the fourth
labelled results to update the Al model. In the present
embodiment, since the Al machine is trained with the fourth
labelled results, which are the images belonging to the class
“D”, the Al machine may learn whether to identify unknown
images as class “D”. In this case, the correspondingly
generated Al model may determine whether to identify
unknown images as class “D” in response to receiving the
unknown images, but the disclosure is not limited thereto.

Similar to the above teachings, the Al model may be used
to label a fifth part of the raw data as a plurality of fifth
labelled results, wherein the fifth labelled results are iden-
tified by the artificial model to be categorized as the second
class data set, i.e., the class “D” data. Afterwards, the Al
machine may be further trained with the fifth labelled results
to update the Al model. The steps in the above can be
repeatedly performed until all of the class “D” data in the
raw data 810 have been completely labelled, but the disclo-
sure is not limited thereto.

In one embodiment, after all of the raw data 810 have
been labelled and used to train the AI machine, the Al model
to identify an unknown data as belonging to the first class
data set (i.e., a class “C” data) or the second class data set
(i.e., a class “D” data).

In other embodiments, if the raw data 810 includes other
class data set, the concept introduced in the above may be
used to train the Al model to assist the tasks on labelling the
raw data 810. In this case, the generated Al model may be
further used to identify an unknown data as belonging to the
first class data set (i.e., a class “C” data), the second class
data set (i.e., aclass “D” data), or other class data set, but the
disclosure is not limited thereto.

Consequently, the whole tasks on labelling the class “C”
data, the class “D” data in the raw data 810 may be less labor
intensive and more efficient.

In other embodiments, the mechanism of the training
system 100 determining whether the labelled results are
valid for training an artificial intelligence machine based on
aplurality of consistencies of the annotators in step S230 can
be implemented in other ways, and the related details would
be provided hereinafter.

Specifically, as mentioned in the above, as the annotators
are provided with a raw data, the annotators may be asked
to label ROIs (e.g., a tumor) in the raw data. In the following
discussions, each of the raw data provided by the processor
104 to the annotators may include one or more target object
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for the annotators to label, and each target object may belong
to one of object categories. For example, a raw data may be
an image that includes target objects such as a cat and a dog,
wherein the cat and the dog belong to different categories.
As the processor 104 provides the annotators with the raw
data, the annotators may label the raw data by, for example,
labelling bounding regions with a tag in the raw data to label
the target objects. The bounding regions with tags labelled
in the raw data may be referred to as labelled data, and the
raw data with labelled data may be referred to as a labelled
result. In various embodiments, the tag of each bounding
regions may indicate the chosen category. For example, after
the annotator labels a bounding region in the image, the
annotator may choose one of the object categories as the tag
(e.g., cat or dog) of the bounding region to specify which of
the object categories corresponds to the labelled bounding
region.

See FIG. 11, which illustrates a labelled result according
to an embodiment of the disclosure. In the scenario of FIG.
11, a first raw data 1111 may be provided by the processor
104 to three annotators 1, 2, and 3 to label. In the embodi-
ment, the first raw data 1111 is assumed to be an image that
only includes target objects (e.g., dogs) of one object cat-
egory for ease of discussions, but the disclosure is not
limited thereto. In other embodiments, the first raw data may
be an image that includes multiple target objects belonging
to various object categories.

With the first raw data 1111, the annotators 1, 2, and 3
may, for example, draw bounding regions to label the target
object therein. In FIG. 11, a bounding region b, ; represents
that it is the j-th bounding region labelled by the annotator
1. For example, the bounding region b, , is the first bounding
region labelled by the annotator 1, the bounding region b,
is the first bounding region labelled by the annotator 2, and
the bounding region b, , is the second bounding region
labelled by the annotator 3, etc.

Noted that each annotator performs their labelling opera-
tion individually without seeing to others’ labelling opera-
tions, and FIG. 11 integrally shows all of the bounding
regions of the annotators for visual aid.

After the annotators 1, 2, and 3 finish their labelling
operations, the first raw data with the shown bounding
regions (i.e., labelled data) may be referred to as a first
labelled result 1110 and retrieved by the processor 104. With
the first labelled result 1110, the processor 104 may accord-
ingly determine whether the first labelled result 1110 is valid
for training an Al machine based on a plurality of consis-
tencies of the annotators (For example, whether the labelled
data of the annotators 1, 2, and 3 corresponding to the first
labelled result 1110 should be used as the training data for
training Al machine).

See FIG. 12, which shows a mechanism of determining
whether the first labelled result is valid for training an Al
machine. In step S1210, for the first labelled result 1110, the
processor 104 may identify at least one target object of each
object category, wherein each target object is commonly
labelled by at least two of the annotators.

Specifically, the processor 104 may determine a plurality
of region pairs, wherein each region pair includes a pair of
bounding regions labelled by different annotators. Taking
FIG. 13 A as an example, which shows the bounding regions
labelled by two of the annotators according to FIG. 11.

In FIG. 13A, there are four bounding regions b, ,-b, , of
the annotator 1 and three bounding regions b, ;-b, 5 of the
annotator 2. In this case, the processor 104 may accordingly
determine 12 region pairs between the annotator 1 and 2, and
each of the region pairs includes one of the bounding regions
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of the annotator 1 and one of the bounding regions of the
annotator 2. For example, one of the region pairs between
the annotator 1 and 2 may be formed by the bounding
regions b, ; and b,,. Based on the same principle, the
processor 104 may determine the region pairs between the
annotator 2 and 3 and determine the region pairs between the
annotator 1 and 3.

After all of the region pairs between any two of the
annotators 1, 2, and 3 are determined, the processor 104 may
determine a plurality of correlation coefficients that respec-
tively corresponds to the region pairs, wherein each corre-
lation coefficients characterizes a similarity of one of the
region pairs, and the similarity may be obtained based on the
principle of IoU, which has been taught in FIG. 5 and would
not be repeated herein.

Take the region pair formed by bounding regions b, , and
b, , as an example. The correlation coefficient of this region
pair may be characterized by the similarity between the
bounding regions b, ;, and b, ;. In this embodiment, the
similarity between the bounding regions b, ;, and b, ; may be
obtained based on the mechanism taught in the descriptions
related to FIG. 5. That is, the similarity may be obtained by
dividing the intersection of the bounding regions b, , and
b, , with the union of the bounding regions b, ; and b, ;, but
the disclosure is not limited thereto. Based on the same
principle, the correlation coefficients of other region pairs
between any two of the annotators 1, 2, and 3 may be
accordingly determined.

As exemplarily shown in FIG. 13A, the correlation coef-
ficients of the region pairs between the annotators 1 and 2
may be determined. For improving the subsequent opera-
tions for identifying target objects, those region pairs whose
correlation coefficients are lower than a correlation threshold
would be discarded or ignored. In FIG. 13A, the correlation
threshold may be assumed to be 0.5 or the other value 0.3,
the disclosure is not limited thereto. Accordingly, there are
only two region pairs left in FIG. 13A, wherein one with the
correlation coefficient of 0.91 includes the bounding regions
b, , and b, ;, and the other with the correlation coeflicient of
0.87 includes the bounding regions b, , and b, ,.

For the region pairs between the annotators 2 and 3 and
the region pairs between the annotators 1 and 3, the proces-
sor 104 may perform similar operations to find out those
region pairs whose correlation coefficients are higher than
the correlation threshold. The related result may be referred
to FIG. 13B, which shows all of the region pairs whose
correlation coefficients are higher than the correlation
threshold according to FIG. 11 and FIG. 13A.

Based on the exemplary result in FIG. 13B, the processor
104 may merge the bounding regions of the annotators 1, 2,
and 3 into a plurality of groups based on the correlation
coeflicients that are higher than a correlation threshold,
wherein each group includes at least two bounding regions
from different annotators.

See FIG. 13C, which show the mechanism of merging the
bounding regions into the groups. In the present embodi-
ment, the mechanism of the processor 104 merging the
bounding regions into the groups may include the following
steps: (a) retrieving a specific correlation coefficient,
wherein the specific correlation coefficient is highest among
the correlation coefficients that are higher than the correla-
tion threshold (step S1310); (b) retrieving a specific region
pair corresponding to the specific correlation coefficient
from the region pairs, wherein the specific region pair
comprises a first specific region and a second specific region
(step S1320); (c) determining whether one of the first
specific region and the second specific region belongs to an
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existing group (step S1330); (d) in response to determining
that neither of the first specific region or the second specific
region belongs to the existing group, creating a new group
based on the first specific region and the second specific
region (step S1340); (e) in response to determining that one
of the first specific region and the second specific region
belongs to the existing group, determining whether another
of the first specific region and the second specific region
corresponds to the same annotator with a member of the
existing group (step S1350); (f) in response to determining
that the another of the first specific region and the second
specific region does not correspond to the same annotator
with the member of the existing group, adding the another
of'the first specific region and the second specific region into
the existing group (step S1360); (g) excluding the specific
correlation coefficient from the correlation coeflicients and
excluding the specific region pair from the region pairs (step
S1380); and (h) in step S1390, in response to determining
that the region pairs are not empty, returning to step S1310.
In other embodiments, in response to the determination is
“yes” in step S1350, the specific region pair may be
neglected (step S1370).

The mechanism in the above would be further discussed
with FIG. 13D, which shows the mechanism of merging the
bounding regions into the groups according to FIG. 13B.
Firstly, Stage 1 where no group exists, the processor 104
may retrieve the highest correlation coefficient 0.95 as the
specific correlation coefficient (step S1310) and the related
specific region pair (step S1320), which includes the bound-
ing regions b,, and b, , (i.e., the first specific bounding
region and the second specific bounding region). Since there
are no existing group in the first stage, the processor 104
would accordingly create a new group (i.e., Group 1) that
includes the bounding regions b, ; and b; ; (step S1330 and
S1340). Next, the processor 104 may exclude the specific
correlation coefficient (i.e., 0.95) from the correlation coef-
ficients and exclude the specific region pair (which includes
the bounding regions b, ; and b, ;) from the region pairs
(step S1380). Since the region pairs are not empty, the
processor 104 may perform step S1390 to return to step
S1310, which leads to Stage 2 in FIG. 13D.

In Stage 2 of FIG. 13D, since the correlation coefficient of
0.95 has been excluded, the specific correlation coeflicient
retrieved by the processor 104 may be 0.91 (step S1310),
i.e., the highest correlation coefficient in the remaining
correlation coefficients. Accordingly, the processor 104 may
retrieve the related specific region pair (step S1320), which
includes the bounding regions b, ; and b, (i.e., the first
specific bounding region and the second specific bounding
region). In this case, since the bounding region b, ; has been
in an existing group (i.e., Group 1), the processor 104 may
determine whether the bounding region b, ; corresponds to
the same annotator with a member (i.e., the bounding
regions b, ; and b; ;) of Group 1 (step S1350). Since the
bounding region b, ; does not corresponds to the same
annotator with a member of Group 1, the processor 104 may
adding the bounding region b, , into Group 1 (step S1360).
Next, the processor 104 may exclude the specific correlation
coefficient (i.e., 0.91) from the correlation coefficients and
exclude the specific region pair (which includes the bound-
ing regions b, , and b, ,) from the region pairs (step S1380).
Since the region pairs are not empty, the processor 104 may
perform step S1390 to return to step S1310, which leads to
Stage 3 in FIG. 13D.

In Stage 3 of FIG. 13D, based on the teachings in the
above, the specific correlation coefficient would be 0.87, and
the specific region pair would be the region pair including

10

15

20

25

30

35

40

45

50

55

60

65

18

the bounding regions b, , and b, ,). According to a proce-
dure similar to those performed in Stage 1, the processor 104
would create a new group (i.e., Group 2) that includes the
bounding regions b, , and b, ,. Next, the processor 104 may
exclude the specific correlation coefficient (i.e., 0.87) from
the correlation coefficients and exclude the specific region
pair (which includes the bounding regions b, , and b, ,)
from the region pairs (step S1380). Since the region pairs are
not empty, the processor 104 may perform step S1390 to
return to step S1310, which leads to Stage 4 in FIG. 13D.

In Stage 4, the specific correlation coefficient would be
0.86, and the specific region pair would be the region pair
including the bounding regions b, and b, ;). Since the
bounding regions b, , and b, | are already in Group 1, the
processor 104 may directly perform step S1380 and step
S1390, which leads to Stage 5 of FIG. 13D. From another
perspective, since the bounding region b, ; already belongs
to Group 1, the processor 104 may determine whether the
bounding region b, ; corresponds to the same annotator with
a member of Group 1. Since the bounding region b, ;
corresponds to the same annotator with the member (i.e., the
bounding region b, ; itself) of Group 1, the processor 104
may neglect the specific region pair including the bounding
regions by ; and b, ;.

In Stage 5 of FIG. 13D, based on the teachings in the
above, the specific correlation coefficient would be 0.84, and
the specific region pair would be the region pair including
the bounding regions b; 4, and b, ;. According to a procedure
similar to those performed in Stage 1, the processor 104
would create a new group (i.e., Group 3) that includes the
bounding regions b, , and b, ;. Next, the processor 104 may
exclude the specific correlation coefficient (i.e., 0.84) from
the correlation coefficients and exclude the specific region
pair (which includes the bounding regions b; , and b, ;)
from the region pairs (step S1380). Since the region pairs are
not empty, the processor 104 may perform step S1390 to
return to step S1310, which leads to Stage 6 in FIG. 13D.

In Stage 6 of FIG. 13D, the specific correlation coeflicient
would be 0.82, and the specific region pair would be the
region pair including the bounding regions b, , and b, ).
Since the bounding region b, , already belongs to Group 2,
the processor 104 may determine whether the bounding
region b, , corresponds to the same annotator with a member
of Group 2 (step S1350). Since the bounding region b; , does
not correspond to the same annotator with any of the
member of Group 2, the processor 104 may add the bound-
ing region b, , into Group 2 (step S1360). Next, the proces-
sor 104 may exclude the specific correlation coefficient (i.e.,
0.82) from the correlation coefficients and exclude the
specific region pair (which includes the bounding regions
b,, and b; ,) from the region pairs (step S1380). Since the
region pairs are not empty, the processor 104 may perform
step S1390 to return to step S1310, which leads to Stage 7
in FIG. 13D.

In Stage 7 of FIG. 13D, the specific correlation coeflicient
would be 0.78, and the specific region pair would be the
region pair including the bounding regions b ; and b, ).
Since the bounding region b, , already belongs to Group 2,
the processor 104 may determine whether the bounding
region b, ; corresponds to the same annotator with a member
of Group 2. Since the bounding region b, , corresponds to
the same annotator with the member (i.e., the bounding
region b, ,) of Group 2, the processor 104 may neglect the
specific region pair including the bounding regions b; 5 and
b, ,. Next, the processor 104 may exclude the specific
correlation coefficient (i.e., 0.78) from the correlation coef-
ficients and exclude the specific region pair (which includes
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the bounding regions b; ; and b, ,) from the region pairs
(step S1380). Since the region pairs are not empty, the
processor 104 may perform step S1390 to return to step
S1310, which leads to Stage 8 in FIG. 13D.

In Stage 8 of FIG. 13D, the specific correlation coeflicient
would be 0.67, and the specific region pair would be the
region pair including the bounding regions b, , and b, ;).
Since the bounding region b, , already belongs to Group 2,
the processor 104 may determine whether the bounding
region b, 5 corresponds to the same annotator with a member
of Group 2. Since the bounding region b; ; corresponds to
the same annotator with the member (i.e., the bounding
region b; ,) of Group 2, the processor 104 may neglect the
specific region pair including the bounding regions b, , and
bs ;. Next, the processor 104 may exclude the specific
correlation coefficient (i.e., 0.67) from the correlation coef-
ficients and exclude the specific region pair (which includes
the bounding regions b, , and b, ;) from the region pairs
(step S1380). Since the region pairs are not empty, the
processor 104 may perform step S1390 to return to step
S1310, which leads to Stage 9 in FIG. 13D.

In Stage 9, the specific correlation coefficient would be
0.63, and the specific region pair would be the region pair
including the bounding regions b, , and b, ,). Since the
bounding regions b, , and b, , are already in Group 2, the
processor 104 may directly perform step S1380 and step
S1390. From another perspective, since the bounding region
b, , already belongs to Group 2, the processor 104 may
determine whether the bounding region b, , corresponds to
the same annotator with a member of Group 2. Since the
bounding region b, , corresponds to the same annotator with
the member (i.e., the bounding region b, , itself) of Group 2,
the processor 104 may neglect the specific region pair
including the bounding regions b; , and b, ,. Since there no
unconsidered region pairs, the processor 104 may determine
that the procedure of merging the bounding regions into the
groups has been completed after performing step S1390.

More specifically, after the processor 104 performs the
above operations, the bounding regions of the annotators 1,
2, and 3 would be merged into Group 1, Group 2, and Group
3, wherein Group 1 includes the bounding regions b, ;, b;
and b, |, Group 2 includes the bounding regions b, ,, b, ,
and b, ,, and Group 3 includes the bounding regions b, , and
b, 5

Afterwards, for each group, the processor 104 may gen-
erate a reference region for identifying one of the target
objects based on the bounding regions in each group.

See FIG. 14, which shows the obtained reference regions
of each group according to FIG. 13D. Taking Group 1 as an
example, the processor 104 may take an average of the
bounding regions b, ;, by ; and b, ; to obtain the reference
region 1410 of Group 1. In one embodiment, the bounding
regions b, ;, b; ; and b, ; may be characterized as coordi-
nates, and the reference region 1410 may be obtained by
calculating an average of the coordinates, but the disclosure
is not limited thereto. Based on the same principle, the
processor 104 may obtain reference regions 1420 and 1430
that respectively corresponds to Group 2 and Group 3.
Therefore, the processor 104 may identify the target object
in the raw data, and accordingly generate valid labelled data
(which includes labels that correspond to different target
objects such as regions 1410, 1420, and 1430) for training
the Al machine.

After the processor 104 obtains the reference regions
1410-1430 for identifying target objects in the first labelled
result 1110, in step S1220, the processor 104 may determine
a consistency score of the first labelled result 1110 based on
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the at least one target object of each object category and the
at least one bounding region labelled by the annotators 1, 2,
and 3.

In one embodiment, for each annotator, the processor 104
may calculate a first consistency score of each object cat-
egory based on the target object of each object category and
the bounding regions, and the processor 104 may take an
average of the first consistency score of each object category
to obtain a second consistency score. FIG. 15 will be used
as an example for further discussions.

See FIG. 15, which shows all bounding regions according
to FIG. 11 and FIG. 14. Taking FIG. 15 and the annotator 1
as an example, since it is assumed that the target objects
corresponding to the reference regions 1410-1430 in FIG. 15
belong to one object category, the processor 104 may
calculate the first consistency score of this object category
based on the target objects identified by the reference
regions 1410-1430 and the bounding regions labelled by the
annotator 1.

In one embodiment, the first consistency score of the
annotator 1 may be used to determine whether the annotator
1 is reliable for labelling. For example, in response to
determining that the first consistency score is lower than a
certain threshold, the processor 104 may determine that the
annotator 1 is unreliable for labelling, and vice versa. In
some embodiment, if the annotator 1 is determined to be
unreliable for labelling, the labelled data generated by the
annotator 1 would be excluded from training the Al
machine, and vice versa, but the disclosure is not limited
thereto.

In one embodiment, the first consistency score of the
annotator 1 may be obtained by dividing a first number with
a second number, wherein the second number is a sum of the
first number, a third number and a fourth number.

In the present embodiment, the first number characterizes
a number of the bounding regions of the annotator 1 that
matches the identified target object of the object category.
From another perspective, for the annotator 1, the first
number may be regarded as a number of the bounding
regions that are grouped In FIG. 15, for the three groups
used for generating the reference regions 1410-1430, since
there are three bounding regions b, |, b, , and b, ; in the
groups, the processor 104 may determine that the number of
the bounding regions of the annotator 1 that matches the
identified target object of the object category to be 3. That
is, the first number of the annotator 1 is 3.

In addition, the third number may be a number of the
identified target object that does not match any of the
bounding regions of the annotator 1. From another perspec-
tive, for the annotator 1, the third number may be a number
of the groups that fail to include the bounding regions of the
annotator 1 among the groups. In FIG. 15, since all of the
target objects match the bounding regions of the annotator 1,
the third number would be 0, which means that all of the
groups include the bounding regions of the annotator 1. The
fourth number may be a number of the bounding regions of
the annotator 1 that does not match any of the identified
target object. From another perspective, for the annotator 1,
the fourth number may be a number of the bounding regions
that are not grouped. In FIG. 15, since there is one bounding
region (i.e., the bounding region b, ,) of the annotator 1 that
does not match any of the identified target object, the fourth
number would be 1, which means that the number of the
bounding regions of the annotator 1 that are not grouped is
1.

Therefore, the first consistency score of the annotator 1 of
the object category would be
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3

09T 0.75.

Moreover, since it is assumed that there is only one object
category in the first labelled result, the second consistency
score of the annotator 1 of all object category would be equal
to the first consistency score.

In other embodiments, if the identified target objects in a
labelled result is determined to belong to multiple object
categories, for a certain annotator, the processor 104 may
calculate the first consistency score of the certain annotator
of each object category, and taking an average of the first
consistency score of each object category as the second
consistency score of the considered labelled result of the
certain annotator.

Taking FIG. 15 and the annotator 2 as another example,
since it is assumed that the target objects corresponding to
the reference regions 1410-1430 in FIG. 15 belong to one
object category, the processor 104 may calculate the first
consistency score of this object category based on the target
objects identified by the reference regions 1410-1430 and
the bounding regions labelled by the annotator 2.

In one embodiment, the first consistency score of the
annotator 2 may be obtained based on a procedure similar to
the procedure of obtaining the first consistency score of the
annotator 1. That is, the first consistency score of the
annotator 2 may be obtained by dividing a first number with
a second number, wherein the second number is a sum of the
first number, a third number and a fourth number.

In FIG. 15, for the three groups used for generating the
reference regions 1410-1430, since there are two bounding
regions b, , and b, , in the groups, the processor 104 may
determine that the number of the bounding regions of the
annotator 2 that matches the identified target object of the
object category to be 2. That is, the first number of the
annotator 2 is 2.

In addition, the third number may be a number of the
identified target object that does not match any of the
bounding regions of the annotator 2. In FIG. 15, since there
is one identified target object (which corresponds to the
reference region 1430) that does not match any of the
bounding regions of the annotator 2, the third number would
be 1, which means that one of the groups fails to include the
bounding regions of the annotator 2. Next, since there is one
bounding region (i.e., the bounding region b, ;) of the
annotator 2 that does not match any of the identified target
object, the fourth number would be 1, which means that the
number of the bounding regions of the annotator 2 that fails
to be grouped is 1.

Therefore, the first consistency score of the annotator 2 of
the object category would be

2

7T -0

Moreover, since it is assumed that there is only one object
category in the first labelled result, the second consistency
score of the annotator 2 of all object category would be equal
to the first consistency score.

Taking FIG. 15 and the annotator 3 as yet another
example, since it is assumed that the target objects corre-
sponding to the reference regions 1410-1430 in FIG. 15
belong to one object category, the processor 104 may
calculate the first consistency score of this object category
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based on the target objects identified by the reference
regions 1410-1430 and the bounding regions labelled by the
annotator 3.

In one embodiment, the first consistency score of the
annotator 3 may be obtained based on a procedure similar to
the procedure of obtaining the first consistency score of the
annotator 1. That is, the first consistency score of the
annotator 3 may be obtained by dividing a first number with
a second number, wherein the second number is a sum of the
first number, a third number and a fourth number.

In FIG. 15, for the three groups used for generating the
reference regions 1410-1430, since there are three bounding
regions b, |, b, , and b, , in the groups, the processor 104
may determine that the number of the bounding regions of
the annotator 3 that matches the identified target object of
the object category to be 3. That is, the first number of the
annotator 3 is 3.

In addition, the third number may be a number of the
identified target object that does not match any of the
bounding regions of the annotator 3. In FIG. 15, since there
is no identified target object that does not match any of the
bounding regions of the annotator 3, the third number would
be 0. Next, since there is one bounding region (i.e., the
bounding region b; ;) of the annotator 3 that does not match
any of the identified target object, the fourth number would
be 1.

Therefore, the first consistency score of the annotator 3 of
the object category would be

3

09T 0.75.

In some embodiments, the first consistency score of the
annotator 3 may be used to determine whether the annotator
3 should be excluded from the labelling tasks. For example,
if the first consistency score of the annotator 3 is lower than
a specific threshold, the annotator 3 may be determined to be
unreliable for performing the labelling tasks. Moreover,
since it is assumed that there is only one object category in
the first labelled result, the second consistency score of the
annotator 3 of all object category would be equal to the first
consistency score.

After the second consistency score of each of the anno-
tators 1, 2, and 3 is obtained, the processor 104 may take an
average of the second consistency score of each annotator to
obtain the consistency score of the first labelled result 1110.
In FIG. 15, the consistency score of the first labelled result
1110 may be calculated as

0.75+0.5+0.75
— = 0.66.

With the consistency score of the first labelled result 1110,
the processor 104 may determine whether the consistency
score of the first labelled result 1110 is higher than a score
threshold. In various embodiments, the score threshold may
be determined to be any value that is high enough for the
designer to think that the labelling operations between the
annotators are consistent, but the disclosure is not limited
thereto.

In step S1230, in response to the consistency score of the
first labelled result 1110 being higher than the score thresh-
old, the processor 104 may determine that the first labelled
result 1110 is valid for training the Al machine. Afterwards,
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step S240 in FIG. 2 may be subsequently performed. On the
other hand, if the consistency score of the first labelled result
1110 is not higher than the score threshold, the processor 104
may determine that the first labelled result 1110 is not valid
for training the Al machine, and hence step S250 in FIG. 2
may be subsequently performed. The details related to step
S240 and S250 may be referred to the teaching described in
the above embodiments, which would not be repeated
herein.

In other embodiments, for a dataset that includes multiple
labelled results, the processor 104 may calculate the con-
sistency score of each labelled result based on the teachings
in the above and calculate an overall consistency score of the
dataset by taking an average of the consistency score of each
labelled result. As a result, the administrator may accord-
ingly determine whether the dataset as a whole is appropri-
ate for examining the ability of the annotators or for training
the Al machine, but the disclosure is not limited thereto.

In another embodiment, the reference region may be
determined in other ways. Taking the Group 1 in FIG. 14 as
an example, the region 1410 shown therein may be regarded
as a standard region (which is not the aforementioned
reference region), and the processor 104 may accordingly
calculate three correlation coefficients (e.g., loU values),
which include the correlation coefficient between the bound-
ing region b, and the standard region, the correlation
coeflicient between the bounding region b, ; and the stan-
dard region, and the correlation coeflicient between the
bounding region b, , and the standard region. Since the
correlation coeflicient between the bounding region b, ; and
the standard region is the highest (i.e., the overlapped area
between the bounding region b, ; and the standard region is
the largest), the processor 104 may consider the bounding
region b, ; as the reference region. Similarly, for the Group
2, the processor 104 may determine the bounding region b, ,
to be the reference region since the correlation coefficient
between the standard region (i.e., the region 1420) and the
bounding region b, , is highest (i.e., the overlapped area
between the bounding region b, , and the standard region is
the largest) among the correlation coeflicients between the
standard region (i.e., the region 1420) and each of the
bounding regions b, ,, b, ,, and b, ,. Similarly, for the Group
3, the processor 104 may determine the bounding region b, ;
to be the reference region since the correlation coefficient
between the standard region (i.e., the region 1430) and the
bounding region b, ; is highest (i.e., the overlapped area
between the bounding region b, ; and the standard region is
the largest) among the correlation coeflicients between the
standard region (i.e., the region 1430) and each of the
bounding regions b ,, and b, ;. After the reference regions
are determined, the processor 104 may calculate the consis-
tency score of the aforementioned labelled results and the
overall consistency score of the dataset, and details about
how to calculate the consistency scores may be referred to
the teachings in the above, which would not be repeated
herein.

In yet another embodiment, each target object is not
necessarily to be labelled by at least two annotators, but may
be labelled by at least one annotator. The bounding regions
b, 3, by 4, and b, 5 in FIG. 11 would be used as examples.
Based on the teachings in the above, the bounding regions
bs 4, and b, ; may be determined, by the processor 104, to
correspond to the same target object based on the correlation
coeflicients since the correlation coefficient between the
bounding regions s b, 4, and b, 5 is higher than the correla-
tion threshold. However, in this case, even though the
correlation coefficients between the bounding region b, ;
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and each of the bounding regions b; , and b, ; is not higher
than the correlation threshold (e.g., 0.3, 0.5 or other values
as mentioned in the above), the bounding region b, ; is
regarded as correspond to another target object. In brief, the
processor 104 may determine whether two bounding regions
in a region pair correspond to the same target object or
different target objects based on whether the correlation
coeflicient of the region pair is higher than a correlation
threshold. In this embodiment, except for the bounding
regions b, ;, by ;, and b, ; (merged as the Group 1) being
considered as correspond to a first target object, the bound-
ing regions b, ,, b, », and b; , (merged as the Group 2) being
considered as correspond to a second target object, and the
bounding regions b, , and b, ; (merged as the Group 3) being
considered as correspond to a third target object, the bound-
ing regions b, 5, b, 5, and b, , are considered by the proces-
sor 104 as corresponding to different target objects, respec-
tively. Regarding the bounding regions b, ;, bs ;, and b, ,,
the bounding regions b, ,, b, », and b; ,, and the bounding
regions b; , and b, 5, based on the teachings in the above, the
processor 104 may accordingly generates reference regions
respectively corresponding to the bounding regions b, ;,
b, , and b, , the bounding regions b, ,, b, ,, and b, ,, and
the bounding regions b, , and b, ;. The reference regions are
used by the processor 104 to identify target objects. There-
fore, the processor 104 may identify every possible target
objects in the raw data 1111 to generate valid labelled data
to train the Al machine.

See FIG. 16, which shows a schematic view of handling
a situation of no target object according to an embodiment
of the disclosure. In the present embodiment, the processor
104 may provide a function (e.g., a specific button) for an
annotator to choose if the annotator believes that there are no
target object exists in a raw data 1610. In this case, the
processer 104 would equivalently treat this situation as the
annotator has labelled a virtual bounding region 1620 at a
specific position outside of the raw data 1610 to generate a
labelled result 1630.

In one embodiment, if the annotator is asked to label the
target objects of multiple object categories, the processer
104 would equivalently treat the situation in FIG. 16 as the
annotator has labelled the virtual bounding region 1620 of
each object category at the specific position outside of the
raw data 1610 to generate the labelled result 1630.

In addition, if the processer 104 determines that no
reference region is suggested based on the labelled result
1630, the first consistency score of the annotator on each
object category may be determined to be 1, and hence the
second consistency score of the annotator of the labelled
result 1630 would be 1 as well.

See FIG. 17, which shows a schematic view of handling
a situation of no target object according to another embodi-
ment of the disclosure. In the present embodiment, the
annotators 1 and 2 are assumed to draw bounding regions
1710 and 1720 in a raw data 1705. The annotator 3 is
assumed to believe that there is no target object exists in the
raw data 1705, and hence a virtual bounding region 1730 is
generated outside of the raw data 1705. Therefore, a labelled
result 1740 can be correspondingly generated.

Based on the teaching in the above, the processer 104
would determine that no reference region is suggested in the
labelled result 1740. In this case, the processor 104 would
generate a reference region 1750 that is identical to the
virtual bounding region 1730 for facilitating the following
calculations of the consistency score.

In this situation, the first/second consistency scores of the
annotators 1 and 2 would be calculated as 0, and the



US 11,238,374 B2

25

first/second consistency scores of the annotator 3 would be
calculated as 1. As a result, the consistency score of the
labelled result 1740 would be calculated as 0.33.

See FIG. 18, which shows a schematic view of handling
a situation of no target object according to yet another
embodiment of the disclosure. In the present embodiment,
the annotator 1 is assumed to label a bounding regions 1810
in a raw data 1805. The annotators 2 and 3 are assumed to
believe that there is no target object exists in the raw data
1805, and hence virtual bounding regions 1820 and 1830 are
generated outside of the raw data 1805, wherein the virtual
bounding regions 1820 and 1830 may overlap with each
other. Therefore, a labelled result 1840 can be correspond-
ingly generated.

Based on the teaching in the above, the processer 104
would determine that no reference region is suggested in the
labelled result 1840. In this case, the processor 104 would
generate a reference region 1850 that is identical to the
virtual bounding regions 1820 and 1830 for facilitating the
following calculations of the consistency score of the
labelled result 1840.

In this situation, the first/second consistency scores of the
annotator 1 would be calculated as 0, and the first/second
consistency scores of the annotators 2 and 3 would be
calculated as 1. As a result, the consistency score of the
labelled result 1840 would be calculated as 0.66.

The present disclosure further provides a computer pro-
gram product for executing foregoing method for verifying
training data. The computer program product is composed of
a plurality of program instructions (for example, a setting
program instruction and a deployment program instruction)
embodied therein. These program instructions can be loaded
into an electronic device and executed by the same to
execute the method for verifying training data and the
functions of the electronic device described above.

In summary, the disclosure may determine whether the
labelled results of the annotators are valid to train the Al
machine based on the consistencies of the annotators. Fur-
ther, if there exist questionable raw data, unqualified anno-
tators, or like, a notification may be accordingly created and
provided to the administrators. As such, the administrators
may be aware of the performances of the annotators and the
quality of the raw data and correspondingly take actions,
such as excluding the questionable raw data and the unquali-
fied annotators. Moreover, when the labelled results are fed
to the Al machine, the labelled results may be assigned with
different weightings based the related confidence levels,
such that the Al machine may decide to learn more from
which of the labelled results (i.e., the labelled results with
higher confidence levels).

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A method for veritying training data, comprising:

receiving a labelled result with a plurality of bounding

regions, wherein the labelled result corresponds to an
image, the bounding regions are labelled by a plurality
of annotators, the annotators comprises a first annotator
and a second annotator, and the bounding region com-
prises a first bounding region labelled by the first
annotator and a second bounding region labelled by the
second annotator; and
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determining the first bounding region and the second
bounding region respectively corresponds to different
two target objects or corresponds to one target object
according to a similarity between the first bounding
region and the second bounding region, comprising:
determining a correlation coefficient of the first bound-
ing region and the second bounding region according
to a overlapped area between the first bounding
region and the second bounding region;
determining whether the correlation coefficient is larger
than a correlation threshold; and
determining the first bounding region and the second
bounding region corresponds to the one target object
in response to determining that the correlation coef-
ficient is larger than the correlation threshold.

2. The method according to claim 1, wherein the step of
determining the first bounding region and the second bound-
ing region respectively corresponds to the different two
target objects or the one target object according to the
similarity between the first bounding region and the second
bounding region comprises:

determining the first bounding region and the second

bounding region respectively corresponds to the differ-
ent two target objects in response to determining that
the correlation coefficient is not larger than the corre-
lation threshold.

3. The method according to claim 1, further comprising:

generating a reference region for identifying the one

target object according to the average of the coordi-
nates of the first bounding region and the second
bounding region; and

identifying the one target object in the image according to

the reference region.

4. The method according to claim 3, further comprising:

training an artificial intelligence machine based on the

image identified with the one target object.

5. The method according to claim 2, further comprising:

identifying the different two target objects in the image

according to the coordinates of the first bounding
region and the second bounding region.

6. The method according to claim 5, further comprising:

training an artificial intelligence machine based on the

image identified with the different two target objects.

7. The method according to claim 1, wherein the anno-
tators further comprises a third annotator and the bounding
region comprises a third bounding region labelled by the
third annotator, and the method further comprises:

determining the first bounding region, the second bound-

ing region, and the third bounding region corresponds
to the one target object according to the similarity
between the first bounding region and the second
bounding region and a similarity between the first
bounding region and the third bounding region.

8. The method according to claim 7, wherein the step of
determining the first bounding region, the second bounding
region, and the third bounding region corresponds to the one
target object according to the similarity between the first
bounding region and the second bounding region and a
similarity between the first bounding region and the third
bounding region comprises:

determining a first correlation coefficient of the first

bounding region and the second bounding region
according to a first overlapped area between the first
bounding region and the second bounding region;
determining a second correlation coefficient of the first
bounding region and the third bounding region accord-
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ing to a second overlapped area between the first
bounding region and the third bounding region;

determining whether the first correlation coefficient and
the second correlation coefficient are larger than a
correlation threshold; and

determining the first bounding region, the second bound-

ing region, and the third bounding region corresponds
to the one target object in response to determining that
the first correlation coefficient and the second correla-
tion coefficient are larger than the correlation threshold.
9. The method according to claim 8, further comprising:
generating a standard region according to the average of
the coordinates of the first bounding region, the second
bounding region and the third bounding region;

determining one of the first bounding region, the second
bounding region and the third bounding region as a
reference region according to the overlapped area
between the standard region and the first bounding
region, the standard region and the second bounding
region, and the standard region and the third bounding
region; and

identifying the one target object in the image according to

the reference region.

10. A training system, comprising:

a storage circuit, storing a plurality of modules;

a processor, coupled to the storage circuit and accessing

the modules to perform following steps:

receiving a labelled result with a plurality of bounding

regions, wherein the labelled result corresponds to an
image, the bounding regions are labelled by a plurality
of annotators, the annotators comprises a first annotator
and a second annotator, and the bounding region com-
prises a first bounding region labelled by the first
annotator and a second bounding region labelled by the
second annotator; and

determining the first bounding region and the second

bounding region respectively corresponds to different
two target objects or corresponds to one target object
according to a similarity between the first bounding
region and the second bounding region, comprising:
determining a correlation coefficient of the first bound-
ing region and the second bounding region according
to a overlapped area between the first bounding
region and the second bounding region;
determining whether the correlation coefficient is larger
than a correlation threshold; and
determining the first bounding region and the second
bounding region corresponds to the one target object
in response to determining that the correlation coef-
ficient is larger than the correlation threshold.

11. The training system according to claim 10, wherein
the processor determines the first bounding region and the
second bounding region respectively corresponds to the
different two target objects in response to determining that
the correlation coefficient is not larger than the correlation
threshold.

12. The training system according to claim 10, wherein
the processor generates a reference region for identifying the
one target object according to the average of the coordinates
of the first bounding region and the second bounding region
and identifies the one target object in the image according to
the reference region.

13. The training system according to claim 12, wherein
the processor trains an artificial intelligence machine based
on the image identified with the one target object.

14. The training system according to claim 11, wherein
the processor identifies the different two target objects in the
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image according to the coordinates of the first bounding
region and the second bounding region and trains an artifi-
cial intelligence machine based on the image identified with
the different two target objects.
15. The training system according to claim 10, wherein
the annotators further comprises a third annotator and the
bounding region comprises a third bounding region labelled
by the third annotator, the processor determines the first
bounding region, the second bounding region, and the third
bounding region corresponds to the one target object accord-
ing to the similarity between the first bounding region and
the second bounding region and a similarity between the first
bounding region and the third bounding region.
16. The training system according to claim 15, wherein
the processor further perform following steps:
determining a first correlation coefficient of the first
bounding region and the second bounding region
according to a first overlapped area between the first
bounding region and the second bounding region;

determining a second correlation coefficient of the first
bounding region and the third bounding region accord-
ing to a second overlapped area between the first
bounding region and the third bounding region;

determining whether the first correlation coeflicient and
the second correlation coefficient are larger than a
correlation threshold; and

determining the first bounding region, the second bound-

ing region, and the third bounding region corresponds
to the one target object in response to determining that
the first correlation coefficient and the second correla-
tion coefficient are larger than the correlation threshold.
17. The training system according to claim 16, wherein
the processor further perform following steps:
generating a standard region according to the average of
the coordinates of the first bounding region, the second
bounding region and the third bounding region;

determining one of the first bounding region, the second
bounding region and the third bounding region as a
reference region according to the overlapped area
between the standard region and the first bounding
region, the standard region and the second bounding
region, and the standard region and the third bounding
region; and

identifying the one target object in the image according to

the reference region.

18. A non-transitory computer readable medium for use in
conjunction with a training system, the computer program
product comprising a computer readable storage medium
and an executable computer program mechanism embedded
therein, the executable computer program mechanism com-
prising instructions for:

receiving a labelled result with a plurality of bounding

regions, wherein the labelled result corresponds to an
image, the bounding regions are labelled by a plurality
of annotators, the annotators comprises a first annotator
and a second annotator, and the bounding region com-
prises a first bounding region labelled by the first
annotator and a second bounding region labelled by the
second annotator; and

determining the first bounding region and the second

bounding region respectively corresponds to different
two target objects or corresponds to one target object
according to a similarity between the first bounding
region and the second bounding region, comprising:
determining a correlation coefficient of the first bound-
ing region and the second bounding region according
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to a overlapped area between the first bounding
region and the second bounding region;

determining whether the correlation coefficient is larger
than a correlation threshold; and

determining the first bounding region and the second 5
bounding region corresponds to the one target object
in response to determining that the correlation coef-
ficient is larger than the correlation threshold.
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